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1. Introduction 
Acute gastrointestinal perforation with peritonitis is a common surgical 
emergency with a median age of occurrence of 40.5 years in the Asian 
community with the most common cause being infection with Helicobacter 
pylori (1-5). Perforation can be present anywhere along the gastrointestinal 
tract but is most commonly found in the duodenum. Other forms include 
appendicular perforation, diverticular perforation and perforation following 
tuberculosis ulcer and enteric fever. Drug induced perforation can result from 
prolonged usage of corticosteroids or NSAIDS. The coexisting factors such as 
delayed presentation, hypovolemia, electrolyte imbalance, septicemia and 
metabolic acidosis are found to render the management more complex and 
demanding. The mortality rate following gastrointestinal perforation and its 
complication averages around 6% to 36 %.(3) 
Following perforation the subsequent spillage of gastric or duodenal 
contents creates an environment of chemical peritonitis which initiates a series 
of events starting with cytokine such as IL-1, tumour necrosis factor, 
interferons mediated inflammatory reactions at both localised and systemic 
levels. (6-8) 
The inflammatory response creates vascular congestion, mucosal 
oedema and fluid transudation from the interstitial space accompanied by 
protein transudation leading to large volume fluid sequestration within the gut. 
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This further aggravates the hypovolemia, sodium and water retention, tissue 
hypoxemia, lactic acidosis and electrolyte imbalances. 
Surgical management forms the definitive and ultimate treatment of 
acute gastrointestinal perforation. But laparotomy by itself carries some risk 
added with the anaesthetic factor. Hence prior to definitive management an 
adequate stabilisation of the patient in terms of his hemodynamic status forms 
an important basis for the mortality outcome. It has been noted through studies 
that vigorous and monitored resuscitation of such patients with correct choice 
of intravenous fluid with the knowledge of basic pathophysiology to restore the 
volume status and oxygen delivery to the peripheral tissues before development 
of subsequent organ failure was associated with a 23% decrease in mortality 
rate.(9) 
Hence resuscitation with intravenous fluids forms the first line 
management of patients with acute gastrointestinal perforation and this 
resuscitation should be continued concomitantly with other definitive 
management until hemodynamic stability is reached. 
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2. AIM OF THE STUDY 
To compare efficacy of Plasma-Lyte A versus 0.9% Normal saline as 
initial resuscitation fluid for patients presenting with acute gastrointestinal 
perforation for emergency surgery using changes in base deficit over the first 
24 hours. 
Secondary Objectives: 
To evaluate 24 hour arterial pH 
To monitor 24 hour urine output 
To assess serum electrolytes 
To follow up with hemodynamic monitoring  
To compare resource utilisation 
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3. PHYSIOLOGY OF BODY FLUIDS 
 Fluid mainly as water, containing ions and other substances contributes 
to 60% of adult human body and the composition can vary with age, gender 
and degree of obesity wherein with advancing age, the fat content of the body 
increases with  decrease in the water component.(10) 
FLUID THERAPY: 
It can be described as 
 Preventive or prophylactic administration of fluid to patients either 
through oral, intravenous, subcutaneous, intraosseous or 
intraperitoneal routes. 
TYPES: 
1) Resuscitation in emergency condition with rapid replacement of 
intravenous fluids and electrolytes may be required for circulation 
restoration to vital organs following external fluids loss or abnormal 
fluid redistribution within body. 
2) Routine maintenance is for patients without ongoing loss but 
unable to meet fluid and electrolyte needs. 
3) Non-emergency replacement of fluid and body electrolyte loss due 
to trauma, burns and surgery etc. 
Fluid resuscitation is an ubiquitous practice wherein the choice of fluid 
is based on physiological principle superimposed to a great extent by 
physician’s preference. 
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PHYSIOLOGICAL BASIS OF FLUID MANAGEMENT 
FLUID COMPARTMENTS AND COMPOSITION: 
 Of the total body weight, 60% is constituted by water content. 
     Table 3.1 BODY WATER 
Variation of Body water with age and sex (% of body 
water) 
 Male Female 
At birth 82 82 
Children and adolescence 70 70 
18 – 20 years 59 57 
20 – 40 years 56 51 
40 – 60 years 55 47 
Over 60 years 52 46 
 
The body fluid compartments are divided as: 
A. Intracellular fluid: 
1) Of the 60% of the total body water content i.e. 42 L (60% of 70 Kg 
for an average person of 20 years), 28L are enclosed within the body 
cells and are referred to as intracellular Fluid 
2) This account to 40% of the total body water 
3) The composition of the intracellular fluid, though a mixture of 
different constituents is found to be remarkably similar for different 
species of animals. 
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4) The intracellular fluid and the extracellular fluid compartments are 
separated by a cell membrane which is water permeable, but 
impermeable to most electrolytes of the body. 
5) Intracellular fluid contains high quantities of potassium and 
phosphate, proteins and moderate quantities of sulphate and 
magnesium ions and low levels of sodium and chloride ions with 
merely no calcium ions. 
B. Extracellular Fluid compartment: 
1)  Comprises of all fluids outside the cellular compartments accounting 
for 20% of the body weight (that is 14 L for a 70 Kg adult of 20 years). 
2)  It is subdivided into the following components. 
a. Interstitial fluids – fluid that bathes and surrounds the cells. 
b. Blood plasma – Straw coloured liquid that holds blood cells of 
whole blood in suspension 
c. Trans cellular fluid – It is a specialised type of ECF consisting 
of fluid in synovial, peritoneal, pericardial, intra-ocular spaces 
and cerebrospinal fluid. It constitutes about 1 to 2 L.  
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Fig. 3.1.  Body Fluid distribution 
 
3) The capillary membrane separating the plasma and interstitial fluids 
are highly permeable accounting for the similarities of ionic 
composition. The major difference is the higher concentration of plasma 
proteins due to a low capillary permeability to large protein molecules. 
4) The major constituents include large concentrations of sodium, 
chloride ions, moderate quantities of bicarbonates ions and small 
amounts of calcium, potassium, magnesium, phosphates and organic 
acid ions. 
Table 3.2.  Constituents of body fluids 
 
Substances and Units 
Extracellular 
Fluid 
Intracellular 
Fluid 
Na+ (mEq/L)  140 14 
K+ (mEq/L) 4 120 
Ca 2+ ionised (mEq/L) 2.5 1  x  10 -4 
Cl- (mEq/L)  105 10 
HCO3- (mEq/L)  24 10 
pH 7.4 7.1 
Osmolarity (mOsm/L) 290 290 
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5) Careful regulations of ECF by various mechanisms, most importantly 
by kidneys allow the maintenance of proper concentrations of nutrients 
and electrolytes within ECF, which allows for optimum functioning of 
the cells. 
6)  The distribution of the ECF fluid between plasma and interstitial 
spaces depends on a number of factors such as (11) 
a.  Hydrostatic pressure of capillary and interstitial spaces 
b.  Colloid oncotic pressures of plasma 
c.  Capillary permeability 
d.  Obstruction of the lymphatic vessels. 
 
Fig. 3.2  Fluid Exchange Mechanism. 
 
7)  The ECF is called the “Internal Environment of the Body or Milieu 
interior” a term coined by the French Physiologist belonging to the 19th 
century, Claude Bernard. 
8) It is so called because the ions and nutrients necessary for the cell to 
maintain its life are present in ECF and hence all cells exist in the same 
environment. 
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Regulations of ECF osmolarity: 
1) The adequate functioning of the body cells depends on a relatively 
constant concentrations of the electrolytes and other solutes in ECF 
most importantly sodium ion whose concentration parallel the body 
water content. 
2) The exact mechanism of sodium pump regulation is poorly 
understood. The kidneys guided by several neurohormonal 
mechanisms are found to play a major role in sodium regulation. 
3) The normal sodium ion absorption through the kidney tubules as 
illustrated diagrammatically. 
 
 Fig. 3.4.  Sodium ion absorption through different segments 
       of kidney tubules 
 
4) The major factors involved in regulating the ECF volume of water 
involves 
a. Fluid intake regulated by thirst mechanisms 
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Table 3.3  Control of Thirst 
Increased Thirst Decreased  Thirst 
↑    Osmolarity ↓   Osmolarity 
↓    Blood Volume ↑   Blood Volume 
↓   Blood Pressure ↑  Blood Pressure 
↑  Angiotensin ↓  Angiotensin II 
Dryness of mouth Gastric distension 
 
b. Renal excretion regulated by GFR and tubular reabsorption 
i.e., tubuloglomerular balance and macula densa feedback. 
5) The kidney posses remarkable capability to vary the proportions of 
solutes and water in urine, thereby excreting urine with an 
osmolarity as low as 50 mOsm/L or as high as 1200 – 1400 
mOsm/L.(12) 
6) This regulating property of kidney is attributed to the effects of anti 
diuretic hormone called VASOPRESSIN. 
 
 
  
       
 
 
 
 
 
 
 
Fig. 3.5. Vasopressin secretion and response 
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7) In response to the osmolarity of the ECF the posterior pituitary 
either increases ADH (increased osmolarity) or decreases ADH 
(decreased osmolarity) secretion in response to stimuli from 
OSMORECEPTOR CELLS in anterior hypothalamus near supra 
optic nuclei 
 
 
 
 
 
 
Fig. 3.6.  Effect of ADH 
8) Production of concentrated urine requires in addition to high levels 
of ADH, a high osmolarity of renal medullary interstitium, thereby 
creating the required osmotic gradient for reabsorption of water. 
Table 3.4.  Regulation of ADH secretion 
 
Increased ADH  
secretion 
Decreased  ADH 
secretion 
↑    plasma osmolarity ↓   Plasma osmolarity 
↓    Blood Volume ↑   Blood Volume 
↓    Blood Pressure ↑  Blood Pressure 
 Nausea  
Hypoxia  
Drugs 
        Morphine 
         Nicotine 
        Cyclophosphamide
  
Drugs 
Alcohol 
Clonidine 
(antihypertensive) 
Haloperidol(dopamine 
blocker) 
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9) Defect in ADH system can produce either : 
a. Central diabetes insipidus – failure to produce ADH. 
b. Nephrogenic diabetes insipidus - non response of kidneys to 
ADH. 
10) The angiotension II and aldosterone system though increasing the 
amount of ECF sodium, concurrently increases the water 
reabsorption and hence only under extremes of conditions have little 
effect upon sodium concentration.  
11) When intrarenal adjustments of sodium and water balance are 
disturbed with exhaustion of intrarenal compensations, systemic 
compensations such as changes in blood pressure, sympathetic 
nervous system activity and circulating hormones are found to occur 
to prevent sustained imbalance between body fluid and electrolytes 
systems and hence resultant cardiovascular collapse.(13) 
12) One of the major component for maintenance of ECF, sodium and 
water concentrates i.e., body fluid volumes and thereby the arterial 
pressure system is PRESSURE NATRIURESIS i.e., increased 
sodium and water excretion in response to increased arterial 
pressure. This system is independent of sympathetic or hormonal 
influences. 
13) Sympathetic activity mediated sodium and water concentrations 
occurs through 
a. Decreased GFR through afferent arteriolar constriction 
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b. Increased Renin and angiotensin II mediated sodium ion and 
water reabsorption 
c. Increased tubular reabsorption of salts and water. 
These are responses to stimuli from stretch and baro receptors in the 
carotid and aortic arch with inhibition of these reflexes leading to excretion of 
sodium ion and water. 
14) Increasing ECF volume mediated activation of stretch receptors in 
atria can cause release of atrial natri-uretic peptide from cardiac 
myocytes and causing increase in GFR with decrease in sodium ion 
reabsorption. 
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RENAL REGULATION OF OTHER SOLUTES: 
A.  POTASSIUM: With 98% of body’s potassium being present within the 
cell, it is the most abundant intracellular anion with serum concentration of 3.5 
– 5 mEq/L. It plays a pivotal role in action potential regulation, glycogen 
storage, protein synthesis and cellular metabolism. 
1) Precise control of ECF potassium is mandatory as minute changes in 
concentrations have varied impact on cellular functions. 
2) Difficulty faced with K+ regulation is that > 98% of it is present 
intracellularly. 
3) Variations in K+ concentration in the absence of adequate and 
appropriate compensatory response can lead to life threatening 
hyper(or)hypokalemia. 
4) Potassium secretion through the principal cells in late distal and 
cortical collecting tubules is a 2 step process, one involving active 
transport through Na+-K+ ATPase pump and second being passive 
diffusion across gradient created by the former. 
5) The intercalated cells help with reabsorption of potassium in 
depleted state.(14,15) 
 
 
 
 
Fig. 3.7. Renal regulation of potassium. 
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B. CALCIUM:  Being essential for bone metabolism, neuromuscular activity, 
cardiac conduction system, coagulation, exocrine and endocrine functions  with 
a normal Serum Calcium Concentration of 8.6 – 10.2 mg/dl and serum ionised 
Ca2+ concentration of  1.12 – 1.3 mmol/L 
1) Tight regulation by parathyroid hormone, vitamin D and calcitonin is 
usually present, with hypocalcemia presenting with increased 
neuronal excitability and hypercalcemia with neuronal depression 
and cardiac arrhythmia 
2) Storage of calcium is mostly in the bones, but they are not an 
inexhaustible supply. 
3) 50% of ionised calcium acts at the level of cell membrane with 50% 
being bound to plasma anions making available only half of the 
calcium for renal excretion of which 99% is reabsorbed paralleling 
the reabsorption pattern of sodium. 
4) The major route of excretion of calcium is the faeces with about 900 
mg/day excretion rate. 
5) Regulation of body calcium levels occurs mainly by PTH as 
described: 
 
 
 
 
 
 
Fig.3.8 Calcium Regulation 
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6) Phosphate controls Ca2+ equilibrium indirectly by its stimulation of 
PTH.(16-18) 
Table. 3.5. Factors that alter Renal Calcium Excretion 
 
↓  Calcium Excretion ↑ Calcium Excretion 
↑  Parathyroid hormone (PTH) ↓  PTH 
↓  Extracellular fluid volume ↑  Extracellular fluid volume 
↓  Blood Pressure ↑  Blood Pressure 
↑  Plasma Phosphate ↓  Plasma Phosphate 
Metabolic acidosis  Metabolic alkalosis 
Vitamin D3  
 
C. PHOSPHATE:  Most abundant intracellular anion with serum 
concentration of 2.7 – 4.5 mg/dl. Most commonly found in bones and soft 
tissues. 
1) Renal regulation of phosphate homeostasis is by overflow 
mechanism. 
2) Increase in phosphate concentration beyond its transport maximum 
of renal tubules i.e., 0.1mM/min results in its excretion and lower 
levels in its complete reabsorption. 
3) Increased PTH decreases phosphate reabsorption.(19-21) 
D. MAGNESIUM: Used as cofactor for enzymes with serum concentration of 
1.5 – 2.4 mg/dl 
1) Normal plasma magnesium concentration is 1.8 mEq/L with half of 
it being bound to plasma proteins. 
2) Major shift of Mg2+ reabsorption is in the loop of Henle i.e., 65%(22-
25) 
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3) Factors leading to increased Mg2+ excretion:  
               Increased ECF Mg2+  ,increased ECF volume and increased ECF Ca2+ 
ACID – BASE BALANCE AND ITS REGULATION 
1) Appropriate acid-base homeostasis and pH maintenance are essential 
for normal cellular processing, functioning of metabolic enzymes and 
transmembrane transport processes 
2) Immediate mechanism is due to the intracellular and extracellular 
buffers the most important of which is the HCO3- / CO2 buffer system 
due to its quantitative buffering capacity and ability of independent  
HCO3- /pCO2 regulation by kidneys, lungs. 
RESPIRATORY REGULATIONS:  
 1) In accordance to stimulation of chemoreceptor cells of medulla 
oblongata the alveolar ventilation varies to maintain pCO2 at around 40 
mm Hg, thereby constant pH and the delayed ventilatory response to 
changes of HCO3- levels in plasma is due to the insulation of 
chemoreceptor by blood brain barrier taking around 12-24 hours for 
maximum onset of response. 
 
 
 
 
Fig. 3.9.  pH changes and alveolar ventilation. 
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RENAL REGULATION: 
1) Kidneys regulate the acid-base balance by: 
a. Reabsorption of 70-85% of HCO3- is in proximal tubule, 25-30 % in 
the more distal segments.(26,27) 
            b. Production of new HCO3- which is equivalent to Net Acid excretion. 
c. Net acid excretion = titratable acid(1/3-1/2)+ammonium urinary 
HCO3-  (1/2-2/3) 
A. PROXIMAL TUBULE: 
1) Factors regulating proximal tubule absorption include pH changes, 
per se, exrtracellular fluid volume status and variety of hormones 
including endothelin, glucocorticoids, adrenergic agonist, AT-II,etc. 
2) Schematic representation of absorption is as below: 
 
 
   
 
 
 
 
 
 
                 
 
 
Fig. 3.10.  Acid-base regulation in proximal tubules 
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B. DISTAL TUBULE: 
1) Mineralcorticoids, angiotensin II, chloride concentrations gradients are 
major  factors influencing distal tubular acid-base homeostasis. 
EXCRETION OF NH4+   
1) Regulated by acid-base status, potassium levels and hormones like 
AT-II, prostaglandins, the MITOCHONDRIAL PHOSPHATE-
DEPENDANT GLUTAMINASE is the major pathway for NH3 
formation. 
2) Each NH4+ excreted is equivalent to formation of a HCO3- from the 
glutamine carbon skeleton. 
 
Fig. 3.11. NH4+ formation, transport and excretion 
 
  
20 
 
CONCEPT OF pH AND BASE EXCESS: 
pH is defined as “logarithm scale of the reciprocal of H+ ion 
concentration” affected by both metabolic and respiratory components. The 
equation for understanding handling of acids in body involves 
H2O  +  CO2  ↔   H2CO3  ↔  H+   +   HCO3-  mediated by the enzyme 
carbonic anhydrase 
By Henderson-Hasselbach modification 
pH = pK +   log (HCO3-/pCO2x 0.225) whereby decrease in HCO3- or 
increase in pCO2 would reduce the pH 
 Base excess defined as “ the amount of acid or base that has to be added 
to a sample of whole blood in vitro to restore the pH of the sample to 7.40 at a 
constant pCO2 ” is used as a quantification of the severity of a metabolic 
alkalosis or acidosis and ranges normally between -2 to 2 mmol/L. Among the 
body ion stores the importance of chloride ion in association with acid base 
alterations is best explained by STEWARTS CONCEPT,  with its three major 
H+ ion concentration determinants; namely weak body acids, carbon dioxide 
and strong ion difference. 
 The contribution of CO2 to the acid base balance is as noted by the 
equation involving carbonic anhydrase.  Weak acids namely albumin and 
phosphate play a vital role in acid base regulation inspite of their negligence in 
clinical acid base interpretations. 
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 But the most important concept of STEWARTS THEORY involves the 
strong ion difference given by the equation 
 (Na+  +  K+)  -  (Cl- + lactate)   =  SID 
which is important in terms of its ionic charge and quantity. 
The SID being a determinant of water dissociation and thereby plasma 
H+ appears to be an independent regulator of acid base changes in the body.  
SID appears to be in an inverse relationship with H+ ion concentration. (28) 
The recent expanded SID equation is as follows 
(Na+  +  K+  +  Ca2+  +  Mg2+)  -  (Cl- + lactate) 
whereby increased levels of chloride or lactate will decrease the strong ion 
difference and produce increased hydrogen ion concentration with ultimate 
acidosis. 
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4. ABNORMALITIES IN BODY FLUIDS HOMEOSTASIS 
 Fluid loss with variations in their absorption, distribution through body 
compartments and excretion can be impaired in patients with trauma, 
emergency surgical conditions like acute gastrointestinal perforation or medical 
conditions. 
Electrolyte and fluid redistribution are altered following injury in 3 
stages of shock, catabolism, and anabolism mediated by neuroendocrines and 
cytokine changes along with the metabolic alteration occurring in parallel to 
electrolyte changes. The non-specific changes include increased ADH, 
aldosterone and cortisol levels leading to sodium and water retention with 
potassium loss. 
The volume contracted status of the patients further aggravates the 
conditions by inadequate renal perfusion, ischemic tubular kidney damage, 
activation of hormonal system i.e., Renin-Angiotensin system etc.  The primary 
aim of fluid replacement is to replace the volume deficit, maintain adequate 
tissue perfusion, prevent ischemia and further complications(29). Fluid 
resuscitation is an urgent treatment for patients with acute fluid loss or chronic 
loss with signs of inability of body’s sympathetic system for compensation 
leading on to organ dysfunction with associated metabolic acidosis.  A few 
signs of physiological decompensation can be assessment of arterial blood 
oxygen, SBP, PR, Temp, RR and level of consciousness (National Early 
warning score of > 5) 
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 Concomitant assessment of volume status will help to prevent 
overloading of system. 
 
HOMEOSTATIC ALTERATIONS FOLLOWING ACUTE 
GASTROINTESTINAL PERFORATIONS: 
Acute gastrointestinal perforation with the spillage of its contents into 
the peritoneal cavity leads to the stimulation of inflammatory cytokine 
mediators by macrophages and other host cells such as interleukins, interferons 
and tumor necrosis factor leading to localised inflammation and increased 
vascular congestion, mucosal oedema with fluid and protein transudation. The 
associated adynamic ileus results in a gut filled with large volume of 
sequestered fluid. 
HYPOVOLEMIA: 
This fluid sequestration within the gut and associated loss results in a 
remarkable fall of interstitial fluid volume. The hypovolemia results in a fall in 
the cardiac output secondary to decrease in the circulating volume. The 
resultant hypotension decreases the peripheral tissue oxygenation and 
perfusion. Renal perfusion is decreased following the decrease in the 
circulating volume, increased ADH and aldosterone ultimately resulting in a 
decreased GFR. (30-36) 
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ACID BASE DISORDERS: 
Primary disorders of ventilation with elevation/depression of arterial 
pCO2 i.e., respiratory acidosis / alkalosis in acute states of gastrointestinal 
perforation owing to abdominal distension, diaphragmatic and intercostals 
restriction resulting in atelectasis and ventilation perfusion mismatch causes 
minimal alterations in plasma HCO3- due to titration of non-bicarbonate 
buffers, but chronic pCO2 mediated variations in the plasma HCO3- variations 
are compensated by kidney response occurring over several days.  
The metabolic alterations in acute GI perforation are secondarily due to 
decreased cardiac output, decreased peripheral perfusion and tissue 
oxygenation and decreased renal perfusion promoting metabolic acidosis. 
 Acid base abnormalities especially metabolic acidosis is found to reduce 
renal and GI perfusion, depress myocardial function, inhibit sympathetic 
release of nor epinephrine and affect the coagulation system of the body. (37-
38) 
Metabolic acidosis especially due to an increased load of chloride most 
commonly iatrogenically caused with infusion of large volumes of unbalanced 
IV fluids is found to affect the renal tone via calcium activated chloride 
channels and decrease GPR and renal blood flow via inhibition of renin and AT 
II release. 
Increased body acid production resulting in metabolic acidosis is 
circumvented by increased reabsorption of HCO3- in proximal tubules with 
increase in H+ and NH4+ excretion.  The effects are mediated by pH changes 
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per se and secondarily due to effects of glucocorticoids. mineralocorticoids, 
and potassium levels. Concomitant metabolic alkalosis is commonly associated 
with increased vomiting and nasogastric loss. Features present more commonly 
in association with hypocalcemia, chloride and potassium depletion. It has been 
found to affect myocardial contractility, neuromuscular excitability, peripheral 
oxygen unloading etc. 
By alteration in proximal tubular HCO3- reabsorption levels metabolic 
alkalosis can be easily corrected in the absence of other intervening factors. 
ELECTROLYTE ABNORMALITIES:  
Electrolyte changes in acute gastrointestinal perforation are varied 
depending on the type of perforation, the associated fluid shift, co-existing 
medical status and the intervention employed. 
A. SODIUM  
Hyponatremia: Concentration <133 mEq/L 
1) Being the major solute of ECF and contributing to its osmolarity, 
changes in Na+ concentration require immediate attention and 
correction. 
2) Hyponatremia can be classified as : 
a. Euvolemic hyponatremia which is commonly asymptomatic due 
to adaptation of brain cells. 
b. Hypovolemic hyponatremia wherein the solute loss exceeds the 
water loss especially in patient on thiazide diuretics on low salt 
diet wherein initial fluid choice is 0.9% NaCl. 
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c. Hypervolemic hyponatremia wherein water is retained in excess 
of solutes leading to multiorgan damage. Management with fluid 
restriction and diuretic is useful. 
3) Appearance of symptoms occur at levels < 125 mEq/L, with coma 
and seizures occurring when Na+ touches 110  mEq/L. 
4) Correction with hypertonic NaCl is done at a rate of 1-2 ml/Kg/Hr 
with maximum correction of 8-12 mEq/L over 24 hours for 
prevention of occurrence of osmotic demylination. 
Hypernatremia: Concentration >145 mEq/L 
 On the basis of the aetiology causing, it can be classified as: 
1) Hypervolemic hypernatremia most commonly iatrogenic in patients 
receiving sodium bicarbonate corrections or excess fluid therapy 
which can be treated with elimination of exogenous source of 
sodium, loop diuretics and renal replacement therapy wherein 
necessary. 
2) Hypovolemic hypernatremia associated with GI loss, renal disorders, 
etc can be managed by the correction of volume contracted status. 
3) Euvolemic hypernatremia is best managed with replacement of 
ongoing loss of fluid which is hypotonic in nature. 
 Symptoms can include confusion, irritability, somnolence, restlessness. 
 The correction is focussed at not causing Na+ levels in plasma to 
increase at a rate > 2 mEq/L/hr with concomitant assessment of neurological 
status. (39) 
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B. POTASSIUM: 
Hypokalemia:  Concentration <3.5 mEq/L 
1) Stemming from varied causes such renal loss, non-renal loss, low 
dietary intake, intracellular shift, drug induced variations and 
evaluated by investigations such as urinary, potassium excretion, 
transtubular K+ gradient and acid base status, the symptoms can vary 
from milder nausea, vomiting to severe muscle weakness, 
rhabdomyolysis to life threatening arrhythmias. 
2) The corrections depends on the aetiology and quantification of the 
emergent need for K+ correction as in EKG abnormalities wherein 
rapid K+ infusion via a central venous line is warranted.(40) 
3) Non-emergent situations require an oral K+ replacement. 
Hyperkalemia:  Concentration >5 mEq/L 
1) Caused by factors such as tissue damage, burns, adrenal 
insufficiency, renal failure, drug induced, etc the assessment of cause 
is by urinary K+ excretion, transtubular K+ gradient, etc. 
2) Management depends on the emergent status of the presenting sign. 
Symptoms wherein EGC changes are present, needs intervention 
immediately with calcium gluconate IV, followed with insulin with 
glucose, nebulisation with salbutamol or albuteral and finally if 
necessary sodium bicarbonate correction. 
3) Others factors are management of etiological causes, potassium 
binding resins and dialysis in non-emergency states. 
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C.  CALCIUM: 
Hypocalcemia: Serum Concentration < 8.6 mg/dl or serum ionised calcium < 
1.1 mol/L  
1) Caused by varied factors such as hypoalbuminemia, renal failure, sepsis, 
hypoparathyroidism, hypomagnesemia, drug induced etc. 
2) Acute symptoms can present with seizure, tetany, and papilledema with 
chronicity accounting for neuropsychiatric, skin and cardiovascular 
abnormalities as in QT prolongation, CHF, arrhythmias, etc. 
3) Acute symptoms require administration of calcium as bolus and infusion 
with monitoring to prevent infusion rates greater than 0.8 – 1.5 meq/min 
in fear of risk of arrhythmias. 
4) Chronic states are more often co-existent with other acid-base and 
electrolyte abnormalities which require correction. 
D. PHOSPHOROUS: 
Hypophosphotemia: Concentration <2.7 mg/dl  
1) Presenting with symptoms of impaired diaphragmatic and cardiac 
contractility with respiratory distress, weakness, paresthesia, it is caused 
by conditions of malnutrition, alcoholism, gastrointestinal/renal loss, 
DKA, etc. 
2) Asymptomatic patients are treated with enteral correction whereas acute 
and severe cases are treated with intravenous potassium or sodium 
phosphate salts. 
 
29 
 
Hyperphosphotemia: Concentration >4 mg/dl. 
1) Most commonly from excessive exogenous administration or renal 
insufficiency and predominantly causes features related to 
hypocalcemia.  
2) Management involves restriction of exogenous source, phosphate 
binders i.e., calcium acetate/carbonate and renal replacement therapy. 
E.  MAGNESIUM: 
Hypomagnesemia:  Concentration < 1.5 mg/dl  
1) Caused by malnutrition, alcoholism, GI/renal loss, surgery, infection, 
trauma, burns, and medications.  
2) Severe hypomagnesemia presenting with arrhythmias, seizure, and coma 
mandates rapid IV medication with calculated dose to bring serum 
concentration to about 2 mEq/L, with reduced dosage for patients with 
renal impairments. Milder conditions can be managed with oral drugs. 
Hypermagnesemia: Concentration > 2.4 mg/dl  
1) Most commonly produced by renal disorders and iatrogenic 
interventions with features of nausea, hypotension, vomiting, and loss of 
tendon reflexes, bradycardia being most commonly managed by 
treatment of cause.  
2) IV calcium is used for neuromuscular or cardiovascular stabilization 
when necessary. 
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5. IV FLUIDS 
“THE DRUG OF EMERGENCY RESUSCITATION” 
1) Replacement and maintenance of the body fluid status is by means of 
chemically prepared sterile water i.e., solvent with calculated 
combination of solute i.e., electrolytes (or) proteins commonly referred 
to as intravenous fluids. 
2) The choice of intravenous fluids can be based on the requirement to 
either initially expand intravascular, interstitial, intracellular volume or 
for even distribution between compartments of body fluids. 
3) The IV fluid can be either  
a. Crystalloids- “Solutions of ions whose tonicity is determined by the 
concentration of sodium and chloride eg isotonic, hypo and hypertonic.” 
b. Colloids – “Suspensions of molecules with carrier solution which 
increase intravascular oncotic pressure and hence expand the 
intravascular space”. 
c. Blood and blood products – which increases the volume and improves 
oxygen carrying capacity 
d. Oxygen carrying solutions: They can be Hb-based or per fluorocarbons. 
Hb-based contains a modified or liposome encapsulated free Hb which 
do not require cross matching and are stable for around one year. IV-
carbon fluorine emulsions are also under experimentation. 
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Ideally crystalloids are considered the initial mainstay treatment in                   
resuscitation and replacement therapies. 
5) Based on a comparison of their tonicity i.e., electrolyte concentration 
with an solvent with plasma tonicity the IV fluids are classified as  
Isotonic solutions – Equivalent to plasma tonicity 
Hypertonic solution – Higher than plasma tonicity 
Hypotonic solution – Lower than plasma tonicity 
ISOTONIC SALINE: 
Most commonly used solution being 0.9% normal saline with Na, Cl 
concentration of 154 mEq/L. The zero value of strong ion difference of normal 
saline accounts for the resultant “Hyperchloremic Metabolic Acidosis” with its 
administration in large quantities. 
NORMAL SALINE: 
 Historically saline was believed to be used during the Blue cholera 
pandemic as a highly oxygenated salt to prevent stagnation of venous system in 
severely dehydrated patients. Studies proposed by Hartog Jacob in 1882-83 are 
all that remains as saline’s historical basis.  It is classified as an isotonic 
volume expander with 9 g/L of sodium chloride i.e., 154 mEq/L of sodium and 
chloride maintaining to an osmolarity of 308 mOsm/L.  It is a sterile non-
pyrogenic solution with no antimicrobial agents and a pH of 5.0 (4.5 – 7.0). 
(41) 
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 Most commonly employed for fluid and electrolyte replacements. 
Concentration of normal saline available are  
Table 5.1.  Concentration of ions in saline solutions 
Concentration of 
Solution (%) 
 
Na+ (mEq/L) 
 
Cl- (mEq/L) 
0.9 154 154 
0.45 77 77 
3.0 513 513 
5.0 856 856 
7.0 1200 1200 
 
Disadvantages: Lack several essential ions like potassium, calcium, 
glucose and magnesium, supranormal levels of chloride compared to plasma 
and absence of a buffer 
CONTRAINDICATIONS: Severe hypertension, pulmonary oedema. 
Other commonly available intravenous fluids 
1. 5% Dextrose Solution 
One litre fluid contains:  
Glucose 50 grams providing energy of 170Kcal/L 
Helps in correction of intracellular dehydration. Supplies energy and water but 
not electrolytes. 
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USES: For prevention of ketosis, as vehicle for drug delivery and to correct 
hypernatremia 
CONTRAINDICATIONS: Cerebral oedema 
2. Dextrose with half strength saline 
(5% - Dextrose with 0.45% NaCl solution) 
Composition: 
One litre of fluid contains 
 Glucose  50 gms 
 Sodium  77  mEq 
 Chloride  77  mEq. 
Each 100 ml contains : Glucose 5.0 gms and Sodium Chloride 0.45 gms 
Contains half the amount of salt compared to normal saline. Can be used 
to satisfy the caloric requirement of patient requiring lesser salt and increased 
water content. 
USES: To treat severe hypernatremia and maintenance fluid especially 
in paediatric population 
CONTRAINDICATIONS: Hyponatremia and severe dehydration with 
increased salt loss 
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3.Dextrose Saline (DNS) 
(5% Dextrose with 0.9% NaCl solution) 
Composition: 
One  litre of fluid contains 
 Glucose  50 gms 
 Sodium  154 mEq 
 Chloride  154 mEq. 
Each 100 ml contains : Glucose 5.0 gms and Sodium Chloride 0.90 gms 
It supplies energy in form of glucose and major electrolytes. 
Predominantly distributed in the ECF compartment hence not useful in 
intracellular dehydration. Compatible with blood transfusions. 
CONTRAINDICATIONS: Edema following hepatic, renal or cardiac disease 
and hypovolemic shock to prevent glucose induced osmotic diuresis 
3. Ringer’s Lactate (RL) 
Composition: 
One  litre of fluid contains 
 Sodium  130  mEq 
 Chloride  109  mEq. 
 Potassium  4 mEq. 
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 Calcium  3 mEq. 
 Bicarbonate  28 mEq. 
Each 100 ml contains : Sodium lactate 320 mg, Sodium chloride 600 
mg, Potassium chloride 46 mg and Calcium chloride 27 mg. 
With ionic composition similar to that of plasma, Ringer lactate is the 
most physiological solution allowing rapid expansion of the intravascular 
space. Conversion of its lactate component to bicarbonate renders it a source of 
acid buffer. 
USES: Severe hypovolemia, in Diabetic Ketoacidosis, hypokalemic metabolic 
acidosis and maintenance in paediatric patients 
CONTRAINDICATIONS: Liver disease, severe hypoxia, shock, severe CHF 
with abnormal lactate metabolism and with blood transfusions to prevent 
calcium-citrate mediated inactivation of anticoagulation system. 
4. Isolyte – G 
Composition: 
One  litre of fluid contains 
 Glucose  50 gms 
 Sodium  65  mEq 
 Chloride  150  mEq. 
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 Potassium  17 mEq. 
 Ammonium  69 mEq. 
Each 100 ml contains : Glucose 5.0 gms, Sodium Chloride 0.375 gm, 
Potassium chloride 0.130 gm, Ammonium Chloride 0.370 gm, Sodium 
metabisulphite 0.015 gm. 
It contains the ions normally found in the gastric acid secretion of the 
body and hence is a gastric replacement solution. The ammonium ions form the 
source of hydrogen ions by hepatic conversion. 
USES: Gastric loss following vomiting and continuous nasogastric aspiration 
CONTRAINDICATIONS: Hepatic failure, renal failure and severe vomiting 
with shock 
5. Isolyte-M 
(Maintenance solution with 5% Dextrose) 
Composition: 
One  litre of fluid contains 
 Glucose  50 gms 
 Sodium  65  mEq 
 Chloride  150  mEq. 
 Potassium  17 mEq. 
 Ammonium  69 mEq. 
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Each 100 ml contains : Glucose 5.0 gms,  Sodium Chloride 0.091 gms, 
Sodium acetate 0.280 gm, Potassium chloride 0.150 gm, Dibasic potassium 
phosphate 0.130 gm and Sodium metabisulphite 0.021 gm 
It has ions for maintenance of body composition with added advantage 
of caloric supplementation and acid base correction. Has the richest source of 
potassium ions. 
USES: Maintenance fluid and to treat hypokalemia 
CONTRAINDICATIONS: Renal failure and burns patient, hyponatremia and 
adrenocortical insufficiency 
6. Isolyte-P 
Composition: 
One  litre of fluid contains 
 Glucose  50 gms 
 Sodium  25  mEq 
 Chloride  22  mEq. 
 Potassium  20  mEq. 
 Acetate  23  mEq. 
 HPO4   3 mEq. 
 Magnesium  3 mEq. 
38 
 
Each 100 ml contains : Glucose 5.0 gms,  Sodium lactate  0.260 gms,  
Potassium chloride 0.130 gm, Magnesium chloride 0.031 gm, Dibasic 
potassium phosphate 0.026 gm and Sodium metabisulphite 0.021 gm. 
With water, electrolyte designed in the way to be an ideal fluid for 
paediatric maintenance, isolyte P also supplies calories and maintains pH. 
USES: Maintenance fluid in paediatrics and in diabetes insipidus 
CONTRAINDICATIONS: Hyponatremia and renal failure 
7. Isolyte-E 
(Extracellular replacement solution) 
Composition: 
One  litre of fluid contains 
 Glucose  50 gms 
 Sodium  140  mEq 
 Chloride  103  mEq. 
 Potassium  10  mEq. 
 Acetate  47  mEq. 
 Calcium   5 mEq. 
 Magnesium  3 mEq. 
 Citrate  8 mEq 
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Each 100 ml contains : Glucose 5.0 gms,  Sodium Chloride 0.50 gms, 
Sodium acetate 0.640 gm, Potassium chloride 0.075 gm, Sodium citrate 0.075 
gm, Magnesium chloride 0.031 gm, and Sodium metabisulphite 0.020 gm 
Apart from increased levels of potassium and acetate aimed for maximal acid 
base correction, this fluid has composition similar to that of the ECF. It is the 
only fluid available for correction of lowered magnesium levels. 
USES: Diarrhoea and metabolic acidosis 
CONTRAINDICATIONS: Metabolic alkalosis from varied causes 
BALANCED SALT SOLUTIONS: 
1) With lower concentration of sodium in comparison to ECF these 
solutions are relatively hypotonic with alternative anions such as acetate, 
lactate, gluconate, and malate employed due to relative instability of  
bicarbonate containing fluids in plastic carriers. 
2) Complications with excessive large volume administration involve 
hypotonicity, hyperlactatemia, metabolic alkalosis and cardiotoxicity. 
PLASMA-LYTE A 
It is a sterile, non-pyrogenic, clear intravenous solution for fluid and 
electrolyte replacement devoid of antimicrobial agents. 
The composition includes for every 100 ml 
Sodium chloride  526 mgm 
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Sodium Gluconate  502 mgm 
Sodium acetate trihydrate 368 mgm 
Potassium chloride   37 mgm 
Magnesium chloride  30 mgm 
 
The ionic composition of each 1L Plasma-Lyte A contains 
Sodium  140 mEq/L 
Potassium      5 mEq/L 
Magnesium         3 mEq/L 
Chloride   98 mEq/L 
Acetate   27 mEq/L 
Gluconate   23 mEq/L 
With an osmolarity of 294 mOsm/L and energy of 21 Kcal/L the pH is 
adjusted to around 7.4 (6.5 – 8) by addition of sodium hydroxide. 
USES:  1.  It is used as a source of water and electrolyte 
2.  It has a metabolic alkalinizing effect due to the presence of acetate 
and gluconate ions and can be used in settings of metabolic alkalosis. 
3.  Its compatibility with blood allows its concurrent administration with 
blood products in trauma and emergency conditions. 
CONTRAINDICATIONS: Known hypersensitivity to the product. 
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Shift of balanced salt solution as first line in resuscitation for trauma and 
surgery patients is an evolving trend especially in view of excess sodium and 
chloride concentrations associated with normal saline. 
 
EFFECTS OF DIFFERENT OSMOLALITY FLUID ADDITION TO 
ECF: 
TYPE OF FLUID    OSMOLALITY   FLUID SHIFT 
    ECF  ICF 
Isotonic  N  N = 280 mOsm      No osmosis 
Hypertonic  ↑↑  N           Osmosis into ECF 
Hypotonic  ↓↓  N           Osmosis into ICF 
 
 
Fig. 5.1.  Effect of Fluid tonicity on cell structure. 
Fluid replacement for a patient involves evaluation of losses before 
induction, maintenance requirements, surgical fluid losses and unanticipated 
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loss in the form of bleeding.  The normal fluid requirement is estimated by the 
Holiday and Segar formula of 4:2:1 for every 10 Kg, 20 Kg and thereafter 
which is based on the caloric needs of  average hospital patient. 
Recent Research point out that goal directed fluid therapies with defined 
end points of resuscitation help to prevent overloaded status of patients. 
Markers of Resuscitation End Points: 
The final outcome of fluid resuscitation being optimal organ perfusion 
can be estimated by a number of factors inclusive of  
a. Urine output . 0.5 – 1 mL/Kg/hr 
b. Mean arterial pressure – rough indicator due to confounding 
compensatory vasoconstriction. 
c. Arterial blood lactate levels changes – but restoration to normal level 
takes several hours post resuscitation. 
d. Base deficit normalisation 
e. Clinical parameters of HR, mental status, capillary refill time. 
Apart from clinical markers and biochemical values minimally invasive 
monitoring of the cardiac output status as in trans oesophageal 
echocardiography would be an ideal technique of fluid management.  
In conclusion most of the hospital morbidity count is accounted by 
inappropriate management of fluid, acid-base and electrolyte imbalance in 
patients thereby progressing to fatal complications. Hence maintenance of a 
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near constant normal homeostasis post acute fluid, electrolyte, acid base 
deranged status with knowledge of underlying pathophysiology with an 
appropriate IV fluid, is the most essential aspect of patient resuscitation in 
emergency situation. 
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6. REVIEW OF LITERATURE 
HISTORY OF INTRAVENOUS FLUIDS: 
The origin of intravenous fluids began in the era of cholera pandemic 
which crippled the entire world seven times in total with its devastating effects. 
The toxins released by the cholera strain resulted in invoking litres of fluids to 
be released from the gut of the patient causing death within few hours mediated 
by dehydration, associated shock and sepsis. 
It all began in 1831 when the cholera strain originating on the shores of 
Ganges spread rapidly along China, Iran, Russia, Europe, United States and 
finally Pacific Coast(42) over a span of two years killing and crippling 
innumerable. It was at this juncture that William Brooke O’Shaughnessy, an 
Irish medical school freshman and physician ventured into finding a solution 
for this deadly disease. He, with his knowledge in chemistry examined the 
stools and blood of the patients affected by cholera making an approximate 
measurement of the electrolyte levels. His finding was that overwhelming 
levels of sodium with water, bicarbonate and chloride were leached out of the 
cholera patients. His findings were published in Lancet publications with 
proposal for a simple fluid to replenish the exact constituents lost from the gut 
of cholera patients. 
William Brooke’s works formed the major inspiration for British 
physician   Dr. Thomas Latta who performed the first intravenous resuscitation 
for therapeutical purpose in May of 1832 with a watery hypotonic solution 
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containing sodium, bicarbonate and chloride ions. His experimentation of 
injecting this homemade fluid with the help of syringe and silver tube helped in 
the survival of nearly 8 patients out of 25 patients in fatal state.(43,44) 
Early 1880 saw the invention of Ringer saline solution by renowned 
British physician and physiologist, Sydney Ringer(45), based on the results of 
his study of the effects of solution of optimal salt concentration on contractility 
of an isolated frog heart outside the body. 
Sydney Ringer’s results were not adopted and used until later dates and 
hence Normal saline is believed to be a descendant of pre ringer solution. 
Normal saline was in use as the ideal fluid of choice because of its so assumed 
isotonic nature until complications of hyperchloremic metabolic acidosis 
cropped up following its large volume utilisation and hence the search for a 
better intravenous fluid arose.(46) 
Alexis.F.Hartmann, hailing from St.Louis in 1932, created a fluid and 
electrolyte replacement ideal to be used in infants. This fluid, a modification of 
Ringer saline has addition of lactate in it to circumvent the pH changes in 
acidosis following dehydration in children and is referred to as Hartmann’s 
solution or universally as Ringer Lactate solution(47). Ringer lactate reigned 
over as the ideal fluid for decades. But its association with increased lactate 
levels and incompatibility with blood were limitations observed with its usage. 
Over the 70 years following fluid therapy, clinical scenarios were met 
with wherein the inability of crystalloids to remain within the circulation was 
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found to be disadvantageous. Hence the search for an intravenous fluid that 
will remain within the circulation (48) led to the usage of Gelatin, as an 
artificial plasma substitute to resuscitate patients suffering from shock during 
World War I.(49) 
Gealtin and Dextran had become well established plasma expanders for 
shock resuscitation by the end of World War II. 1970 saw the introduction of 
waxy maize derivatives such as hydroxyl ethyl starch to mimic albumin 
solutions. By 1980 widespread use of colloids began with a belief that they 
were better for resuscitative outcomes compared to crystalloids. 
1998 saw a call for ban on albumin use in view of excessive mortality 
association. 2004 SAFE study demonstrated the safety with albumin use, but 
declared no added advantage of it over crystalloid utilisation.(50,51) 
Today’s era is about moving towards  the usage of an intravenous fluid 
with ideal composition of body ions and limited changes in the body acid base 
balance system available at physiological body pH in the form of balanced salt 
solutions. 
1.   Wilcox CS; 1983. 
 It involved the study of the glomerular filtration rate and renal blood 
flow during intrarenal infusion of dextrose, hypertonic NaCl, sodium acetate, 
NaHCO3, NH4Cl.  In contrast to other hypertonic infusions the chloride 
containing infusions produced a decrease in GFR and renal blood flow to 
below pre-infusion states.  They concluded that hyperchloremia mediated renal 
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vasoconstriction appeared to be specific for renal vessels, tubular Cl- 
reabsorption dependant and independent of nervous system of the kidney(52). 
2.   Scheingraber S, Rehm M, Schmischc et.al.1999 
 The study involved 2 groups of 12 patients each posted for major 
gynaecological surgery via intra-abdominal approach to receive either 0.9% 
normal saline or RL in the calculation of 30 ml / Kg/hour. The parameters 
observed included arterial pH, serum electrolytes, pCO2. Rapid saline infusion 
was found to be more strongly associated with hyperchloremia induced 
metabolic acidosis and fall in strong ion difference.(53) 
3. Waters, Jonathan H. MD; Gottlieb et al 2001 
The study involved comparison of Normal saline vs LR for 66 patients 
undergoing aortic reconstruction surgery for abdominal aortic aneurysm under 
standard conditions of anaesthesia and fluid management. Higher incidence of 
hyperchloremic acidosis with increased bicarbonate therapy, requirement of 
large fluid volumes and increased need of blood product requirements with  
normal saline resuscitation established a superiority of Ringer Lactate over 
normal saline.(54) 
4. Shakeel Amanulla, and Ramesh Venkataraman ;2004 
The study involved comparison of 0.9% normal saline with 4% albumin 
for resuscitation of ICU patients . With regards to the results no variation was 
found with regards to 28 day death rate, ICU stay, renal replacement therapy or 
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new organ failure. This was conclusive that the theory about albumin being 
superior to crystalloids in resuscitation was not always applicable.(55) 
5. Todd, S Rob MD; Malinoski, Darren MD; et al 2007 
The study compared the efficacy of LR and 0.9% Normal saline as 
resuscitation fluid for uncontrolled hemorrhage in swine. 20 swine with 
invasive lines and monitoring were subject to iatrogenic grade V liver injury 
followed by measured blood loss for 30 mins. They were then resuscitated with 
either of the selected fluid to reach baseline MAP. Normal saline usage was 
found to be associated with increased hyperchloremic acidosis, dilutional 
coagulopathy, and large volume requirement. LR resuscitation associated with 
increased lactate levels not culminating to acidosis was found to be superior to 
NS group.(56) 
6. Hadimioglu, Necmiye MD; Saadawy, Iman MD; et al 2008 
Study involved comparison of normal saline, ringer lactate and balanced 
salt solution i.e. plasmalyte during kidney transplantation among 90 double 
blinded patients posted for transplant with respect to changes in acid base 
status. Results revealed increased chloride levels, abnormal base deficit and 
decrease in pH with NS group, increased lactate levels in LR group and no 
significant acid base changes in plasmalyte group. The study concluded that the 
best metabolic profile maintenance in renal transplant patients was by means of 
plasmalyte solution.(57) 
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7.   Yunos NM, et.al., 2012 
The study involved analysis of association of acute kidney injury 
quantified by the risk, injury, failure, loss, end-stage (rifle) classification in 
critically ill patients with chloride liberal vs chloride restrictive intravenous 
fluids.  The prospective open label sequential pilot study of 760 patients 
observed an increased incidence of failure and injury class of Rifle defined 
AKI and higher usage of renal replacement therapies with chloride liberal 
intravenous solutions in comparison to chloride restricted infusions.(58) 
8.   Andrew D. Shah et.al 2012 
They compared the association of morbidity and clinical resource 
utilization after open abdominal surgery in conjugation with the usage of 0.9% 
saline versus balanced calcium free crystalloids solution on the day of surgery 
wherein a total of 31,920 patients were randomly allocated into two groups to 
receive either 0.9% saline or balanced crystalloid solution on the day of their 
open abdominal surgery. Other additional morbidity criteria accounted for 
included respiratory, cardiovascular abnormalities requiring interventions, 
acute renal failure or infectious complications. Minor complications included 
electrolyte disturbances. They observed a greater occurrence of morbidity with 
the saline group with resultant increase in resource utilization i.e., tests for 
ABG, lactate levels and concurrent treatments with blood products, buffers and 
dialysis when compared to group with balanced crystalloid salt solution.(59) 
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9. Chowdruay AH, Cox FE, Francis ST, et.al. 2013  
Using magnetic resonance imaging comparison of effects of infusion of 
plasma-Lyte A vs 0.9% normal saline on renal perfusion and renal blood 
velocity were done in 20 healthy male volunteers. Two litres of study fluid 
infused over a time interval of 1 hour was followed up with MRI scanning 90 
minutes later and blood investigation and weight monitoring on hourly basis 
for next 4 hours.  They concluded that increased chloride levels, with reduced 
renal cortical tissue perfusion and mean flow velocity in the renal artery were 
present in association with normal saline infusion compared to plasma- Lyte 
A(60). 
 
10.  Jason B. Young et al 2013. 
 Comparison of resuscitation with 0.9% NaCl solution versus 
Plasma-Lyte A for trauma patients for correction of base deficit in the first 
24 hours after trauma.  A total of 65 patients with Glasgow coma scale <9 
at the time of admission or GCS detoriation by 2 after admission or 
penetrating injuries of chest, abdomen, neck, pelvis or requiring 
emergency surgery within 60 min were randomly allocated into two 
groups. Group A for normal saline and group B for Plasma-Lyte A. Initial 
blood samples were drawn for routine blood investigation and arterial 
blood gas analysis.  The designated study fluid was adopted as the sole 
fluid of choice in the initial 24 hours.  They performed investigations at 6 
hourly intervals such as ABG, serum electrolytes, lactate, blood counts and 
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albumin, study fluid volume and urine volume.  They observed that 
normalization of arterial pH and base deficit  was achieved in an interval 
of 6 hours for plasma-Lyte A compared to 24 hours with 0.9% NaCl.  
Apart from an elevated levels of Na and Cl ions with 0.9% NaCl infusion, 
the other electrolyte levels remained relatively normal in comparison with 
Plasma-Lyte A. Urine output was observed to be higher with Plasma-Lyte 
A in the first 6 hours.  No significant differences were noted with the 
hemodynamic parameters(61). 
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7.  MATERIALS  AND  METHODS 
The study was conducted as randomised prospective double blinded 
study after getting approval from the ethical committee of the institution and 
informed consent from the patients.  60 patients scheduled for emergency 
laparotomy surgery following clinical and radiological evidence of acute 
gastrointestinal perforation satisfying the inclusion criteria were included in the 
study. The patients were randomised into two groups by closed envelop method 
 Gp NS  -  0.9 NS 
 Gp PA -  Plasma-Lyte A 
INCLUSION CRITERIA: 
 Age   18-60years  
 ASA:  I & II 
 Acute gastrointestinal perforation cases: 
 With symptoms for less than 24 hours 
 Requiring emergency surgeries within 2 hours of admission 
 With radiological evidence of perforation 
 Who have given valid informed consent   
EXCUSION CRITERIA: 
 Patients not satisfying inclusion criteria. 
 Lack of informed consent or patient refusal 
 Patients with severe cardiovascular, respiratory, renal or hepatic 
disease. 
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 Pregnant women 
 Patients on dialysis 
 Transferred from another hospital 
 Recovering with conservative management 
 Patients in severe sepsis, requiring vasopressors or post op 
mechanical ventilation 
 Surgeries extending beyond 3 hours 
 Patients with hyperkalemia 
 Patients with known allergy history 
DISCONTINUATION CRITERIA: 
Subject Developed: 
Hypernatremia (>5.5mEq/L) 
Acute kidney injury requiring dialysis 
Hyperosmolality (>320mosm/L) 
MATERIALS USED: 
       16G/18G venflon 
       Monitors-ECG, NIBP, SPO2, ABG, Urine output 
       Fluids-Plasmalyte A & 0.9% Normal saline 
 
 
  
54 
 
PRIMARY PARAMETERS: 
To analyse changes in base excess over the first 24 hours, hourly in the 
first 6 hours and then in 6 hourly increments 
SECONDARY PARAMETERS: 
 To evaluate 24 hour arterial pH in 6 hourly increments 
 To monitor 24 hour urine output hourly for the first 6 hours and then in 
6 hour increments 
 To assess serum electrolytes 
 To follow up with hemodynamic monitoring 
 To compare resource utilisation 
 
CONDUCTION OF STUDY: 
 The study was conducted in the Institute of Anaesthesiology and Critical 
Care, Madras Medical College between March 2016 to July 2016.  The aim of 
the study was to compare the efficacy of Plasma-Lyte A with 0.9% normal 
saline as initial resuscitation fluid for patients presenting with acute 
gastrointestinal perforations requiring emergency laparotomy procedure. 
 Sixty patients between age groups of 18-60 years were randomly 
allocated into two groups by closed envelop method. 
 Group NS – had 0.9% normal saline as their fluid for resuscitation. 
 Group PA – has Plasma-Lyte A as their resuscitation fluid.   
The patients had their clinical baseline parameters and basic blood 
investigation including complete haemogram, renal and liver function tests, 
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arterial blood gases, serum electrolytes recorded.  Any fluid on flow was 
discarded and the allotted resuscitation fluid was used as sole fluid. Patients 
were then taken up for surgery under Epidural – General anaesthesia. Patients 
shifted to operation theatre had their basal parameters via standard monitoring 
of HR/ECG, NIBP, Pulse oximetry, ABG and urine output recorded.  Epidural 
catheter was inserted and rapid sequence induction was done with calculated 
dose of thiopentone and relaxation using short acting depolarising muscle 
relaxant suxamethonium. Heart rate, SBP, DBP, SpO2, pH, pCO2, serum 
electrolytes and urine output were recorded on hourly basis until completion of 
procedure. Fluid administration was by Holiday and Segar formula. At the end 
of the procedure with adequate return of spontaneous respiration and response 
to command the patient was reversed with calculated dose of neostigmine and 
glycopyrolate and extubated. Patients were shifted to the post operative ward 
and monitored with subsequent recording of BP, HR, SPO2, pH, pCO2, serum 
electrolyte, urine output on hourly basis for first 6 hours and in six hourly basis 
thereafter for 24 hours while continuing the allocated fluid for maintenance up 
to 6 hours post operatively. 
The primary outcome measure was base deficit changes in the first 
postoperative day. Secondary outcome included trends in arterial pH, serum 
electrolyte, urine output, hemodynamic parameters and resource utilization. 
Complications of allergy, hypernatremia, hyperosmolarity, acute renal 
injury were looked for. 
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8. OBSERVATIONS AND  RESULTS 
All statistical analysis was performed using Statistical Package for 
Social Science (SPSS, version 17) for Microsoft windows. The data were 
normally distributed. And therefore parametric tests were performed.  
Descriptive statistics were presented as numbers and percentages. The data 
were expressed as Mean and SD.   
Independent sample student t test / Mann-Whitney test were used to 
compare continuous variables between two groups.  A two sided p value < 0.05 
was considered statistically significant. 
95% p < 0.05    0.02  - 0.05 
99 % p<0.01    0.002 – 0.01 
99.9 % p < 0.001   0.000 – 0.001 
Both groups were comparable in terms of age, weight, sex and 
procedural duration. 
Outcome of Data Analysis: 
The results obtained by the statistical analysis of the data recorded for 
the two groups in terms of heart rate, SBP, DBP, MAP, pH, pCO2, base deficit, 
serum electrolytes and urine output are given and discussed below. 
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8.1. HEART RATE: 
The following table shows the variation in the heart rate during the 
observation period. 
 
Table 8. 1. Variation in the Heart Rate of patients receiving normal saline 
versus Plasma-Lyte A 
 
 
Group Statistics
30 138.37 7.792 1.423
30 141.03 9.898 1.807
30 137.87 7.754 1.416
30 141.50 8.936 1.631
30 112.37 7.059 1.289
30 112.33 7.034 1.284
30 97.87 4.988 .911
30 98.33 4.452 .813
30 85.97 3.978 .726
30 87.23 3.014 .550
30 85.97 3.978 .726
30 86.10 3.556 .649
30 85.57 3.892 .711
30 86.43 4.329 .790
30 82.90 4.088 .746
30 79.20 6.774 1.237
30 82.53 8.565 1.564
30 81.10 6.572 1.200
30 84.13 4.946 .903
30 80.50 3.224 .589
30 83.00 6.215 1.135
30 85.60 7.780 1.420
30 83.67 4.708 .859
30 83.47 4.805 .877
30 82.30 8.960 1.636
30 81.47 5.144 .939
GROUP
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
HR - PRE
HR -  PRE OP
HR -  1 HR INTRA OP
HR -  2 HRS  INTRA OP
HR - 1 HR POST OP
HR - 2 HRS  POST OP
HR - 3 HRS  POST OP
HR - 4 HRS  POST OP
HR - 5 HRS  POST OP
HR - 6 HRS  POST OP
HR - 12 HRS  POST OP
HR - 18 HRS  POST OP
HR - 24 HRS  POST OP
N Mean Std. Deviation
Std. Error
Mean
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Figure 8.1. Variation in the Heart Rate of patients receiving normal saline 
(NS) versus Plasma-Lyte A(PA) 
 
Discussion: 
 Most of the patients in the normal saline group had a mean heart rate of 
137-138 bpm in the early resuscitation stage, 97-112 bpm intraoperatively and 
82-85 bpm post operatively upto 24 hours. Comparatively Plasma-Lyte A 
group had a mean heart rate of 140-141 bpm in early resuscitation period, 98-
112 bpm intraoperatively and 78-81 bpm post operatively upto 24 hours. With 
p value >0.05 as per two tail unpaired ‘t’ test the heart rate variation between 
the two groups was found to be insignificant except in the 6th post operative 
hour which was an inconsistent finding. 
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Group Statistics
30 111.30 16.048 2.930
30 116.10 15.731 2.872
30 119.53 16.907 3.087
30 121.73 19.499 3.560
30 125.97 12.867 2.349
30 126.53 12.148 2.218
30 129.00 15.145 2.765
30 128.03 13.132 2.398
30 123.57 12.588 2.298
30 123.97 11.394 2.080
30 124.37 11.669 2.131
30 127.23 14.185 2.590
30 122.73 14.200 2.593
30 123.33 11.244 2.053
30 130.43 9.916 1.810
30 116.60 22.804 4.163
30 128.30 14.858 2.713
30 121.60 11.866 2.166
30 125.27 10.894 1.989
30 124.77 12.566 2.294
30 134.23 8.144 1.487
30 121.60 9.587 1.750
30 126.10 11.621 2.122
30 125.70 10.597 1.935
30 124.73 11.858 2.165
30 120.23 24.518 4.476
GROUP
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
SBP - PRE
SBP -  PRE OP
SBP -  1 HR INTRA OP
SBP -  2 HRS  INTRA OP
SBP - 1 HR POST OP
SBP - 2 HRS  POST OP
SBP - 3 HRS  POST OP
SBP - 4 HRS  POST OP
SBP - 5 HRS  POST OP
SBP - 6 HRS  POST OP
SBP - 12 HRS  POST OP
SBP - 18 HRS  POST OP
SBP - 24 HRS  POST OP
N Mean Std. Deviation
Std. Error
Mean
8.2. SYSTOLIC BLOOD PRESSURE:  
The following table shows the variation in the systolic blood pressure 
during the observation period. 
 
Table 8. 2.  Variation in the Systolic blood pressure of patients receiving 
normal saline(NS) versus Plasma-Lyte A(PA) 
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Figure 8. 2 . Variation in the Systolic Blood Pressure of patients receiving 
normal saline(NS) versus Plasma-Lyte A(PA) 
 
Discussion: 
 The systolic blood pressure was in the range of 110-119 mm Hg during 
early resuscitation phase, maintained between 125 – 130 mm Hg intra-
operatively and 122-130 mm Hg post-operatively upto 24 hours in the  NS 
group. Most of the patients in the PA group had systolic blood pressure 
between 116-120 mm Hg in early resuscitation, 126-128 mm Hg intra-
operatively and between 116-127 post-operatively upto 24 hours. With 
calculated p value of > 0.05 as per two tail unpaired ‘t’ test the systolic BP 
variation was found to be insignificant between the two groups except during 
the 4th and 12th post operative hours where significant statistical difference 
were noted but the finding was found to be inconsistent. 
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Group Statistics
30 70.13 13.546 2.473
30 74.97 13.745 2.510
30 72.53 13.300 2.428
30 82.47 6.972 1.273
30 80.13 14.576 2.661
30 85.23 5.835 1.065
30 78.80 11.330 2.069
30 85.33 4.205 .768
30 79.20 6.774 1.237
30 80.17 10.977 2.004
30 80.57 6.431 1.174
30 77.67 11.053 2.018
30 85.57 3.785 .691
30 79.83 7.879 1.438
30 78.67 9.771 1.784
30 81.40 7.842 1.432
30 80.23 8.480 1.548
30 85.97 3.978 .726
30 79.63 6.946 1.268
30 83.63 4.335 .791
30 82.80 6.042 1.103
30 84.33 6.588 1.203
30 80.60 7.985 1.458
30 81.20 7.322 1.337
30 85.37 3.479 .635
30 82.30 7.949 1.451
GROUP
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
DBP - PRE
DBP -  PRE OP
DBP -  1 HR INTRA OP
DBP -  2 HRS  INTRA OP
DBP - 1 HR POST OP
DBP - 2 HRS  POST OP
DBP - 3 HRS  POST OP
DBP - 4 HRS  POST OP
DBP - 5 HRS  POST OP
DBP - 6 HRS  POST OP
DBP - 12 HRS  POST OP
DBP - 18 HRS  POST OP
DBP - 24 HRS  POST OP
N Mean Std. Deviation
Std. Error
Mean
8.3. DIASTOLIC BLOOD PRESSURE: 
The variation in the diastolic blood pressure recorded for the patients 
receiving normal saline and Plasma-Lyte A is given in the Table. 
Table 8.3. Variation in the Diastolic blood pressure of patients receiving                       
normal saline(NS)versus Plasma-Lyte A(PA) 
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   Figure 8.3. Variation in the Diastolic blood pressure of patients receiving  
                      normal saline(NS)versus Plasma-Lyte A(PA) 
 
Discussion: 
Among the NS group, the DBP was around 70.13 – 72.5 mm Hg during 
resuscitation, 78.8 – 80.13 mm Hg peri-operatively, 78.7 – 85.6 mm Hg post 
operatively for 24 hours.  The PA group had DBP in the range of 74.9 – 82.5 
mm Hg during resuscitation, 85.2 -85.3 mm Hg intra-operatively and between 
77.7 – 86 mm Hg post operatively. With the exception in the early resuscitation 
phase, no statistical difference was found between the two groups with p value 
being > 0.05 as per two tail unpaired t test. 
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Group Statistics
30 83.8556 14.19910 2.59239
30 88.6778 13.73824 2.50825
30 88.2000 13.15006 2.40086
30 95.5556 8.33004 1.52085
30 95.4111 13.34473 2.43640
30 99.0000 6.35538 1.16033
30 95.5333 11.44422 2.08942
30 99.5667 5.11114 .93316
30 93.9889 6.05371 1.10525
30 94.7667 9.27864 1.69404
30 95.1667 6.25067 1.14121
30 94.1889 7.54333 1.37722
30 97.96 5.078 .927
30 94.33 7.061 1.289
30 95.92 6.679 1.219
30 93.13 9.012 1.645
30 96.2556 8.39708 1.53309
30 97.8444 4.06719 .74256
30 94.84 6.131 1.119
30 97.34 5.351 .977
30 99.9444 4.95658 .90494
30 96.7556 5.19795 .94901
30 95.7667 6.85546 1.25163
30 96.0333 7.72881 1.41108
30 98.4889 4.34766 .79377
30 94.9444 9.21646 1.68269
GROUP
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
MAP - PRE
MAP -  PRE OP
MAP -  1 HR INTRA OP
MAP -  2 HRS  INTRA OP
MAP - 1 HR POST OP
MAP - 2 HRS  POST OP
MAP - 3 HRS  POST OP
MAP - 4 HRS  POST OP
MAP - 5 HRS  POST OP
MAP - 6 HRS  POST OP
MAP - 12 HRS  POST OP
MAP - 18 HRS  POST OP
MAP - 24 HRS  POST OP
N Mean Std. Deviation
Std. Error
Mean
8.4.  MEAN ARTERIAL PRESSURE: 
The following table shows the variation in the mean arterial pressure 
during the observation period. 
   Table 8.4. Variation in the Mean Arterial  Pressure  of patients receiving  
                     normal saline(NS)versus Plasma-Lyte A(PA) 
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   Figure 8.4. Variation in the Mean Arterial  Pressure of  patients receiving  
                      normal saline(NS)versus Plasma-Lyte A(PA) 
 
Discussion: 
The NS group had values of MAP between 83.8 – 88.2 mm Hg during 
pre-operative resuscitation period, 95.4-95.5 mm Hg intra-operatively and 
between 94.8 – 99 mm Hg during 24 hour post operative observation.  The PA 
group had MAP varying between 88.6 – 95.5 mm Hg during early 
resuscitation, 99 – 99.5 mm Hg peri-operatively and between 93.1 – 97.8 mm 
Hg in the post-operative period. With calculated p > 0.05 by 2 tail unpaired t 
test, no statistical difference was found in accordance to mean arterial pressure 
between the two intervention groups. 
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Group Statistics
30 7.3660 .06072 .01109
30 7.3687 .04869 .00889
30 7.4213 .04117 .00752
30 7.3827 .04770 .00871
30 7.3627 .04034 .00736
30 7.3910 .02604 .00475
30 7.3797 .02697 .00492
30 7.4023 .02473 .00452
30 7.3883 .03291 .00601
30 7.3993 .02377 .00434
30 7.3923 .02700 .00493
30 7.4083 .02230 .00407
30 7.3863 .02371 .00433
30 7.4053 .02270 .00414
30 7.3917 .02230 .00407
30 7.3987 .02501 .00457
30 7.3883 .02379 .00434
30 7.4047 .02662 .00486
30 7.3950 .02776 .00507
30 7.4030 .02292 .00418
30 7.3937 .02385 .00435
30 7.3990 .02440 .00446
30 7.4047 .01697 .00310
30 7.4053 .02345 .00428
30 7.4097 .02173 .00397
30 7.4033 .02537 .00463
GROUP
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
Ph - PRE
Ph -  PRE OP
Ph -  1 HR INTRA OP
Ph -  2 HRS  INTRA OP
Ph - 1 HR POST OP
Ph - 2 HRS  POST OP
Ph - 3 HRS  POST OP
Ph - 4 HRS  POST OP
Ph - 5 HRS  POST OP
Ph - 6 HRS  POST OP
Ph - 12 HRS  POST OP
Ph - 18 HRS  POST OP
Ph - 24 HRS  POST OP
N Mean Std. Deviation
Std. Error
Mean
8.5  pH: 
The following table shows the variation in the pH during the observation 
period. 
 
Table 8.5. Variation in the pH of patients receiving normal saline(NS)versus 
Plasma-Lyte A(PA) 
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Figure 8.5. Variation in the pH of patients receiving  normal saline(NS)versus 
Plasma-Lyte A(PA) 
Discussion: 
 Patients of NS group had pH values around 7.36 – 7.37 during 
preoperative resuscitation, 7.36 – 7.37 intraoperatively and between 7.38 – 7.40 
during the first post operative day. PA group values varying around 7.36 – 7.38 
during early resuscitation, 7.39 – 7.40 perioperatively and between 7.39 – 7.40 
post operatively.  Statistically significant variation between the two groups was 
present during early pre operative resuscitation and during the two hour 
intraoperative period with p < 0.05. 
Clinical significance:  
 With large bolus volume resuscitation, the pH maintenance with PA 
group was found to be significantly better when compared to NS group where 
pH was maintained around lower end of normal range. The calculated p < 
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0.001 as per two tail unpaired t test is indicative of true difference which has 
not occurred by chance. 
Conclusion: 
 It is evident from this study that during rapid and large volume 
resuscitation for patients undergoing emergency laparotomy for acute 
gastrointestinal perforation Plasma-Lyte A has a better pH maintenance 
compared to normal saline. 
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8.6. PCO2: 
The following table shows the variation in the PCO2 during the 
observation period. 
 
Table 8.6. Variation in the PCO2 of  patients receiving  normal 
saline(NS)versus Plasma-Lyte A(PA) 
Group Statistics
30 35.660 3.9570 .7224
30 37.913 3.3508 .6118
30 34.693 4.3909 .8017
30 36.223 3.3078 .6039
30 37.347 2.3273 .4249
30 38.853 2.6353 .4811
30 37.173 2.1711 .3964
30 38.433 2.5104 .4583
30 37.273 2.5023 .4568
30 38.430 2.4525 .4478
30 37.487 1.7405 .3178
30 39.030 1.4288 .2609
30 37.587 2.3962 .4375
30 39.287 1.4555 .2657
30 36.277 2.9412 .5370
30 38.897 2.6129 .4770
30 37.270 2.2767 .4157
30 38.573 2.5021 .4568
30 37.347 2.1674 .3957
30 38.530 2.3343 .4262
30 37.730 2.2781 .4159
30 38.977 1.6974 .3099
30 38.327 2.0062 .3663
30 38.690 2.3924 .4368
30 37.790 1.9388 .3540
30 38.623 2.2389 .4088
GROUP
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
PCO2 - PRE
Pco2 -  PRE OP
Pco2 -  1 HR INTRA OP
Pco2 -  2 HRS  INTRA OP
Pco2 - 1 HR POST OP
Pco2 - 2 HRS  POST OP
Pco2 - 3 HRS  POST OP
Pco2 - 4 HRS  POST OP
Pco2 - 5 HRS  POST OP
Pco2 - 6 HRS  POST OP
Pco2 - 12 HRS  POST OP
Pco2 - 18 HRS  POST OP
Pco2 - 24 HRS  POST OP
N Mean Std. Deviation
Std. Error
Mean
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Figure 8.6. Variation in the PCO2 of  patients receiving  normal 
saline(NS)versus Plasma-Lyte A(PA) 
 
Discussion: 
 On Comparison of partial pressures of carbon dioxide, the NS group had 
values of 34.6 - 35.6 mm Hg pre-operatively, 37.1 – 37.3 mm Hg 
intraoperatively and between 37.1 – 38.3 mm Hg post operatively for 24 hours.  
The PA group values varied between 36.2 – 39.9 mm Hg preoperatively, 38.4 – 
38.8 mm Hg intraoperatively, 38.4 – 39.2 mm Hg post operatively. Generated p 
of > 0.05 by 2 tail unpaired t test is indicative of statistical insignificance 
between the two groups with respect to PCO2. 
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8.7. BASE DEFICIT: 
 The following table shows the variation in the base deficit during the 
observation period. 
 
 
Table 8.7. Variation in the base deficit of  patients receiving  normal 
saline(NS)versus Plasma-Lyte A(PA) 
 
Group Statistics
30 -4.690 3.7117 .6777
30 -3.417 3.0435 .5557
30 -1.883 2.2106 .4036
30 -4.820 7.4344 1.3573
30 -3.920 2.3897 .4363
30 -1.633 1.9651 .3588
30 -3.24 1.595 .291
30 -1.17 1.504 .275
30 -2.643 1.8188 .3321
30 -1.417 1.6063 .2933
30 -2.280 1.6775 .3063
30 -.437 1.4538 .2654
30 -2.633 1.9455 .3552
30 -.487 1.3164 .2403
30 -2.970 1.7181 .3137
30 -1.157 1.4414 .2632
30 -2.337 2.0143 .3678
30 -1.013 1.6209 .2959
30 -1.993 1.9919 .3637
30 -1.127 1.1061 .2019
30 -2.253 3.2643 .5960
30 -1.133 1.3847 .2528
30 -1.017 1.4355 .2621
30 -.830 1.7173 .3135
30 -1.073 1.3544 .2473
30 -1.027 1.3871 .2533
GROUP
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
BE - PRE
BE -  PRE OP
BE -  1 HR INTRA OP
BE -  2 HRS  INTRA OP
BE - 1 HR POST OP
BE - 2 HRS  POST OP
BE - 3 HRS  POST OP
BE - 4 HRS  POST OP
BE - 5 HRS  POST OP
BE - 6 HRS  POST OP
BE - 12 HRS  POST OP
BE - 18 HRS  POST OP
BE - 24 HRS  POST OP
N Mean Std. Deviation
Std. Error
Mean
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Figure 8.7. Variation in the base deficit of  patients receiving  normal 
saline(NS) versus  Plasma-Lyte A(PA) 
 
Discussion: 
 The NS group had base deficit values between  - 3.8 to – 4.6 during pre-
operative resuscitation, -3.2 to -3.9 perioperatively and between -2.9 to -1.07 in 
the 24 hour post operative period. Base deficit values in the PA group was 
between -2.8 to -3.4 preoperatively during early resuscitation, -1.7 to -1.6 
intraoperatively and between -0.8 to – 1.4 post operatively. Calculation of 
continuous variable by Mann-Whitney test generated p values of <0.05 during 
early resuscitation, preoperative, 1st and 2nd intra-operative period continuing 
upto the 6th post operative period indicative of statistical significance upto 6th 
post operative period with regard to base deficit between the two intervention 
groups. Beyond the 6th postoperative hour no statistical difference was found 
between the two groups. 
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Clinical significance: 
The normalization of base excess values were found to be better and 
earlier in PA group compared to NS group. With p values of <0.0001 as per 
two tailed unpaired t test, it is indicative of true significant statistical difference 
between the two intervention groups which has not occurred by chance.  
Conclusion: 
From this study, we can safely conclude that base deficit values were 
normalised within few hours of resuscitation with Plasma-Lyte A in emergency 
laparotomy for acute gastrointestinal perforation when compared with normal 
saline which took beyond 6 hours for normalization. 
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Group Statistics
30 138.63 3.690 .674
30 139.90 3.604 .658
30 139.27 4.378 .799
30 138.60 3.747 .684
30 138.53 3.821 .698
30 137.07 3.107 .567
30 140.97 3.306 .604
30 136.97 2.723 .497
30 139.50 3.481 .636
30 136.50 2.910 .531
30 138.90 3.033 .554
30 136.43 2.569 .469
30 139.43 4.141 .756
30 136.80 2.631 .480
30 139.57 3.720 .679
30 136.73 2.728 .498
30 138.83 3.152 .576
30 137.00 2.865 .523
30 139.00 3.404 .621
30 137.13 2.556 .467
30 140.47 3.963 .724
30 135.73 2.840 .518
30 139.70 3.993 .729
30 137.20 2.398 .438
30 138.90 3.033 .554
30 136.77 2.648 .483
GROUP
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
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GROUP PA
SODIUM - PRE
SODIUM -  PRE OP
SODIUM -  1 HR INTRA
OP
SODIUM -  2 HRS  INTRA
OP
SODIUM - 1 HR POST OP
SODIUM - 2 HRS  POST
OP
SODIUM - 3 HRS  POST
OP
SODIUM - 4 HRS  POST
OP
SODIUM - 5 HRS  POST
OP
SODIUM - 6 HRS  POST
OP
SODIUM - 12 HRS  POST
OP
SODIUM - 18 HRS  POST
OP
SODIUM - 24 HRS  POST
OP
N Mean Std. Deviation
Std. Error
Mean
8.8. SODIUM: 
The following table shows the variation in the sodium ion concentration 
levels during the observation period.  
Table 8.8. Variation in the sodium ion concentration levels of  patients 
receiving normal saline(NS)versus Plasma-Lyte A(PA) 
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Figure 8.8. Variation in the sodium ion concentration levels of patients 
receiving  normal saline(NS)versus Plasma-Lyte A(PA) 
Discussion: 
The NS group had sodium levels between 138.6 – 139.2 mEq/L during 
preoperative resuscitation, 138.5 – 140.9 mEq/L perioperatively, 140.4 – 139.5 
mEq/L during the post operative period of 24 hours. The PA group had sodium 
ranging between 138.6 – 139.9 mEq/L preoperatively, 136.9 -137.1 mEq/L 
intra operatively, 135.7 – 137.2 mEq/L post operatively. Calculated p of > 0.05 
by two tail unpaired ‘t’ test was indicative of statistical difference which is 
significant between the two intervention groups during the 2nd hour 
intraoperative and postoperative hours 1-24 with exception of 5th and 6th hour. 
Clinical Significance: 
The value of sodium remained predominantly elevated in NS group 
(139.38 mEq/L) as in comparison to PA group (137.1 mEq/L). The significant 
difference with a p value of < 0.0001 by two tail unpaired t test is indicative of 
a true difference which has not occurred by chance. 
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 Conclusion:  From this study we can safely conclude that resuscitation with 
normal saline for emergency laparotomy for acute gastrointestinal perforation 
is associated with significantly higher concentration of sodium levels compared 
to Plasma-Lyte A. 
8.9. POTASSIUM: 
The following table shows the variation in the potassium ion 
concentration levels during the observation period. 
 
Table 8.9. Variation in the potassium ion concentration levels of  patients 
receiving  normal saline(NS)versus Plasma-Lyte A(PA) 
Group Statistics
30 3.793 .4593 .0839
30 3.817 .4052 .0740
30 3.890 .4551 .0831
30 3.753 .4049 .0739
30 3.723 .3830 .0699
30 3.870 .3852 .0703
30 3.783 .3905 .0713
30 3.863 .4222 .0771
30 3.863 .4222 .0771
30 3.783 .3949 .0721
30 3.870 .3852 .0703
30 3.823 .3794 .0693
30 3.813 .3848 .0703
30 3.863 .4222 .0771
30 3.770 .3678 .0672
30 3.770 .3834 .0700
30 3.823 .3945 .0720
30 3.773 .4059 .0741
30 3.843 .3945 .0720
30 3.870 .4061 .0741
30 3.820 .4172 .0762
30 3.873 .3823 .0698
30 3.847 .4216 .0770
30 3.883 .3992 .0729
30 3.817 .4194 .0766
30 3.773 .4441 .0811
GROUP
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
K+ - PRE
K+ -  PRE OP
K+ -  1 HR INTRA OP
K+ -  2 HRS  INTRA OP
K+ - 1 HR POST OP
K+ - 2 HRS  POST OP
K+ - 3 HRS  POST OP
K+ - 4 HRS  POST OP
K+ - 5 HRS  POST OP
K+ - 6 HRS  POST OP
K+ - 12 HRS  POST OP
K+ - 18 HRS  POST OP
K+ - 24 HRS  POST OP
N Mean Std. Deviation
Std. Error
Mean
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Figure 8.9. Variation in the potassium ion concentration levels of  patients 
receiving normal saline(NS)versus Plasma-Lyte A(PA) 
Discussion: 
The NS group had values between 3.72 – 3.8 mEq/L from early 
resuscitation phase to post operative 24 hour period.  The PA group had values 
between 3.75 – 3.88 mEq/L from early resuscitation to post operative 24 hour 
period. With calculated p of > 0.05 by two tail unpaired t test, no statistical 
significance was found with regard to the potassium concentration between the 
two intervention groups. 
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8.10.  CHLORIDE ION:  
The following table shows the variation in the chloride ion concentration levels 
during the observation period. 
 
Table 8.10. Variation in the chloride ion concentration levels of  patients 
receiving normal saline(NS)versus Plasma-Lyte A(PA) 
 
 
Group Statistics
30 109.67 4.978 .909
30 109.53 5.551 1.013
30 102.40 6.856 1.252
30 105.93 6.751 1.233
30 105.77 6.811 1.244
30 101.27 4.110 .750
30 106.40 6.333 1.156
30 99.27 2.572 .470
30 108.20 5.397 .985
30 98.90 3.033 .554
30 106.40 6.333 1.156
30 99.03 2.942 .537
30 106.13 6.796 1.241
30 98.87 2.609 .476
30 106.17 7.363 1.344
30 98.47 2.403 .439
30 106.67 6.794 1.240
30 98.60 3.103 .566
30 106.90 7.270 1.327
30 97.83 1.341 .245
30 107.03 6.682 1.220
30 98.60 2.222 .406
30 106.07 5.741 1.048
30 98.57 2.775 .507
30 106.83 7.625 1.392
30 98.43 2.885 .527
GROUP
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
CL- - PRE
CL- -  PRE OP
CL- -  1 HR INTRA OP
CL- -  2 HRS  INTRA OP
CL- - 1 HR POST OP
CL- - 2 HRS  POST OP
CL- - 3 HRS  POST OP
CL- - 4 HRS  POST OP
CL- - 5 HRS  POST OP
CL- - 6 HRS  POST OP
CL- - 12 HRS  POST OP
CL- - 18 HRS  POST OP
CL- - 24 HRS  POST OP
N Mean Std. Deviation
Std. Error
Mean
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Figure 8.10. Variation in the chloride ion concentration levels of  patients 
receiving  normal saline(NS)versus Plasma-Lyte A(PA) 
 
Discussion: 
 The chloride ion levels in NS group ranged between 102.4 mEq/L – 
109.6 mEq/L during early resuscitation phase, 105.7 106.4 mEq/L 
intraoperatively and between 106 – 108.2 mEq/L post operatively upto 24 hour.  
The PA group had chloride ions in the range of 105.9 – 109.5 mEq/L in early 
resuscitation phase, 99.2 – 101.2 mEq/L during perioperative period and 98.43 
– 99.27  mEq/L during post operative period upto 24 hours.  
Clinical significance: 
                The chloride values remained predominantly elevated in patients who 
received normal saline as the resuscitation fluid with an average of 106.5 
mEq/L compared to PA group which had mean chloride levels of 100.2 mEq/L 
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the significant difference with p < 0.0001 indicates a true statistical difference 
which is not by chance. 
Conclusion: From this study, we can safely conclude that normal saline 
resuscitation for emergency laparotomy for acute gastrointestinal perforation is 
associated with significantly higher blood concentration of chloride ion 
compared to Plasma-Lyte A. 
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8.11. BICARBONATE ION: 
The following table shows the variation in the bicarbonate concentration 
levels during the observation period. 
 
Table 8.11. Variation in the Bicarbonate concentration levels of  patients 
receiving normal saline(NS)versus Plasma-Lyte A(PA) 
 
Group Statistics
30 19.887 3.2490 .5932
30 21.200 2.7031 .4935
30 21.867 2.2669 .4139
29 20.790 2.1690 .4028
30 20.540 1.9763 .3608
28 22.904 1.8812 .3555
30 21.22 1.406 .257
30 23.13 1.444 .264
30 21.75 1.634 .298
30 22.93 1.544 .282
30 22.070 1.4953 .2730
29 23.810 1.3059 .2425
30 21.767 1.7997 .3286
30 23.817 1.1549 .2109
30 21.373 1.5405 .2813
28 23.261 1.4338 .2710
30 21.803 1.5723 .2871
30 23.270 1.5239 .2782
30 22.633 1.6087 .2937
30 23.163 1.0858 .1982
30 22.227 1.9102 .3488
30 23.230 1.2427 .2269
29 23.186 1.3737 .2551
30 23.453 1.6391 .2993
30 23.103 1.2629 .2306
29 23.307 1.2942 .2403
GROUP
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
HCO3 - PRE
HCO3 -  PRE OP
HCO3 -  1 HR INTRA OP
HCO3 -  2 HRS  INTRA
OP
HCO3 - 1 HR POST OP
HCO3 - 2 HRS  POST OP
HCO3 - 3 HRS  POST OP
HCO3 - 4 HRS  POST OP
HCO3 - 5 HRS  POST OP
HCO3 - 6 HRS  POST OP
HCO3 - 12 HRS  POST
OP
HCO3 - 18 HRS  POST
OP
HCO3 - 24 HRS  POST
OP
N Mean Std. Deviation
Std. Error 
Mean
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Figure 8.11. Variation in the bicarbonate concentration levels of  patients 
receiving  normal saline(NS)versus Plasma-Lyte A(PA) 
 
Discussion: 
 The NS group had bicarbonate levels ranging from 19.8 – 21.8 mEq/L 
during preoperative resuscitation phase, 20.5 – 21.2 mEq/L intraoperatively 
and between 21.2 – 23.5 mEq/L post operatively upto 24 hours. The PA group 
had values between 20.7 – 21.2 mEq/L in early resuscitation phase, between 
22.9- 23.1 mEq/L intraopertively and between 22.9 – 23.4  mEq/L post 
operatively. Calculated p of < 0.05 by two tail unpaired t test from 
intraoperative period upto 6th post operative hour is indicative of significant 
statistical difference and p < 0.0001 is indicative of true difference which is not 
by chance. 
Conclusion: 
 From this study, we can safely conclude resuscitation with Plasma-Lyte 
A for emergency laparotomy of patients suffering from acute gastrointestinal 
perforation is associated with better bicarbonate level maintenance compared to 
normal saline resuscitation. 
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8.12. CALCIUM: 
The following table shows the variation in the calcium ion concentration 
levels during the observation period. 
 
Table 8.12. Variation in the calcium ion concentration levels of patients 
receiving  normal saline(NS)versus Plasma-Lyte A(PA) 
 
 
Group Statistics
30 .8563 .04657 .00850
30 .8630 .04942 .00902
30 .8780 .07107 .01298
30 .8557 .04621 .00844
30 .8680 .04552 .00831
30 .8653 .04826 .00881
30 .8617 .04654 .00850
30 .8727 .02599 .00474
30 .8653 .04826 .00881
30 .8873 .06275 .01146
30 .8597 .04295 .00784
30 .8660 .04368 .00797
30 .8650 .05057 .00923
30 .8667 .04105 .00749
30 .8660 .04861 .00887
30 .8680 .04737 .00865
30 .8663 .04650 .00849
30 .8657 .05276 .00963
30 .8593 .04899 .00894
30 .8660 .05069 .00926
30 .8607 .04433 .00809
30 .8640 .04839 .00884
30 .8733 .05155 .00941
30 .8587 .05171 .00944
30 .8733 .04611 .00842
30 .8733 .04715 .00861
GROUP
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
CA - PRE
CA -  PRE OP
CA -  1 HR INTRA OP
CA -  2 HRS  INTRA OP
CA - 1 HR POST OP
CA - 2 HRS  POST OP
CA - 3 HRS  POST OP
CA - 4 HRS  POST OP
CA - 5 HRS  POST OP
CA - 6 HRS  POST OP
CA - 12 HRS  POST OP
CA - 18 HRS  POST OP
CA - 24 HRS  POST OP
N Mean Std. Deviation
Std. Error
Mean
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Figure 8.12. Variation in the calcium ion concentration levels of patients 
receiving  normal saline(NS)versus Plasma-Lyte A(PA) 
 
Discussion: 
The NS group had calcium levels of 0.85 – 0.87 mmol/L throughout the 
study period and PA group had values between 0.85 – 0.88 mmol/L. With the 
calculated p > 0.05 by two tail unpaired t test, no statistical difference was 
found between two groups with regard to calcium concentration. 
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8.13. URINE OUTPUT: 
The following table shows the variation in the urine output  during the 
observation period. 
 
Table 8.13. Variation in the urine output of patients receiving normal 
saline(NS)versus Plasma-Lyte A(PA) 
 
 
 
Group Statistics
30 158.17 61.999 11.320
30 181.00 52.150 9.521
30 142.17 44.114 8.054
30 172.00 42.702 7.796
30 118.67 32.242 5.887
30 162.33 29.441 5.375
30 129.33 39.735 7.255
30 171.50 41.213 7.524
30 143.50 44.782 8.176
30 138.67 34.614 6.320
30 116.00 35.681 6.514
30 136.33 39.369 7.188
30 157.00 52.005 9.495
30 168.00 56.287 10.277
30 125.83 36.861 6.730
30 173.67 61.559 11.239
30 121.50 30.205 5.515
30 173.00 62.265 11.368
30 127.50 48.366 8.830
30 169.17 41.732 7.619
30 130.83 45.639 8.332
30 168.50 63.615 11.614
30 138.17 45.438 8.296
30 136.00 34.998 6.390
GROUP
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
GROUP PA
GROUP NS
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U/O -  PRE OP
U/O -  1 HR INTRA OP
U/O -  2 HRS  INTRA OP
U/O - 1 HR POST OP
U/O - 2 HRS  POST OP
U/O - 3 HRS  POST OP
U/O - 4 HRS  POST OP
U/O - 5 HRS  POST OP
U/O - 6 HRS  POST OP
U/O - 12 HRS  POST OP
U/O - 18 HRS  POST OP
U/O - 24 HRS  POST OP
N Mean Std. Deviation
Std. Error
Mean
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Figure 8.13. Variation in the urine output of  patients receiving normal 
saline(NS)  versus  Plasma-Lyte A(PA) 
 
Discussion: 
 The NS group had urine output varying between 118.7 – 158.2 ml/hr 
preoperatively and intra-operatively, 116-138 ml/hr post operatively. The PA 
group had urine output in the range of 160 – 180 ml/hr pre and intraoperatively 
and between 136.3-171 ml/hr post operatively. With calculated p <0.05 by 2 
tail unpaired t test significant statistical difference between the two intervention 
groups was noted in the 2nd intraoperative period, 1st, 5th,6th and 12th post 
operative hour. P values < 0.0001 indicates of the true statistical difference 
which not by chance. 
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Clinical Significance and Conclusion: 
The urine output was found to be relatively higher with the Plasmalyte 
A resuscitation compared with normal saline for emergency laparotomy 
surgeries for acute gastrointestinal perforation cases. 
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9.   DISCUSSION 
 Fluid therapy constitutes the first line of management in emergency 
situations of trauma, surgery, sepsis or medical illness.  The most common 
choice of fluid therapy happens to be isotonic crystalloids especially normal 
saline which is being commonly employed in early resuscitation because of its 
blood compatibility property in spite of its supranormal levels of constituent 
ions.  Thus the commonly employed normal saline is found to be acidosis-
inducing and unbalanced intravenous fluid. 
 The more recently emerging balanced salt solutions i.e., Plasma-Lyte A 
is found to be more physiological in terms of ionic constitution when compared 
to human plasma concentrations. The advantage of Plasma-Lyte A is its blood 
compatibility due to calcium absence among its constituents.  
 Our study has revealed a better outcome in fluid resuscitation with 
Plasma-Lyte A in comparison to normal saline in terms of normalization of 
base deficit, maintenance of serum electrolytes and adequacy of urine output in 
patients undergoing emergency laparotomy following acute gastrointestinal 
perforations. 
 
1. BASE DEFICIT: 
The primary finding of this study was a rapid normalization of base 
deficit in Plasma-Lyte A group. The base deficit was recorded at pre 
resuscitation, pre operative, peri-operative and post-operatively at hourly 
intervals till 6th post operative hour and 6 hourly intervals thereafter till 24 
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hours. The current study indicated normalization of base deficit earlier with 
Plasma-Lyte A resuscitation group compared to normal saline group which 
took more than 6th post operative hour for its normalization. The finding is 
consistent with findings of Jason B. Young et al.2013(61) comparing balanced 
salt solutions versus normal saline wherein the findings were more rapid return 
of acid base levels to normal with sustained and faster clearance of base deficit 
with balanced salt solutions compared to normal saline. The difference was 
statistically significant with a p < 0.05.  
 
2. pH: 
From the study it was evident that the arterial blood pH normalization 
paralleled that of the base deficit changes with more rapid return to normal 
levels in Plasma-Lyte A fluid therapy compared to normal saline. This finding 
is consistent with research reports by Jason B.Young et.al(61) and Hadimioglu 
Necmiye MD et.al 2008(57) comparing the two fluids for emergency 
resuscitation. The difference was statistically significant with p < 0.05. 
 
3.  SERUM ELECTROLYTES: 
SODIUM: 
From the study it was observed that sodium was maintained within 
normal levels in the both intervention groups. The average sodium ion 
concentration was maintained around 139.3 mEq/L for normal saline and 137.1 
mEq/L for Plasma-Lyte A. There was an average difference of around 2 mEq/L 
between both the groups wherein Plasma-Lyte A group maintained sodium at a 
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comparatively lower levels throughout the study period and these findings were 
consistent with the research literature of Jason B.Young et.al(61). The 
difference is found to be statistically significant with p < 0.05. 
CHLORIDE:  
The study finding revealed an increased chloride concentration 
associated with normal saline resuscitation and the increase was found to  
be sustained throughout the study period. The difference was  
significant statistically with p < 0.05.  This finding was found to be consistent 
with results of Jason B.Young et.al(61), Hadimioglu,  
Necmiye MD et.al;2012 (57), Tod.S.Rob MD et al(56), 
Shakeel Amanullah and Ramesh Venkataraman;2004(55) indicating more 
acidosis, hyperchloremia and decreased bicarbonate levels with large volume 
normal saline resuscitation.  The clinical significance of this finding is that 
hyperchloremia by itself can independently lead to decreased renal blood flow 
and immune dysfunctions. 
 
BICARBONATE: 
The study reveals that bicarbonate concentrations were maintained at 
lower level upto 6th post operative hour with normal saline resuscitation 
compared to Plasma-Lyte A. This difference was found to be statistically 
significant with p <0.05. The finding was consistent with literature of Jason 
B.Young et.al(61), Hadimioglu, Necmiye MD et.al;2012 (57), Tod.S.Rob MD 
et.al(56), Shakeel Amanullah and Ramesh Venkataraman;2004(55)  comparing 
balanced and unbalanced salt solutions which indicated lower bicarbonate 
levels and worse acid-base status with normal saline resuscitation. 
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URINE OUTPUT: 
The study revealed an increase in the average urine output with Plasma-
Lyte A resuscitation compared to normal saline . The difference was found to 
be statistically significant with p < 0.05.  The result was consistent with 
literature findings of Jason B.Young et.al(61), Yunos NM, Bellomo R 
et.al;2012(58) that Plasma-Lyte A with lower chloride levels had better renal 
cortical perfusion, renal artery velocity and urine output. 
With regards to haemodynamical changes such as heart rate ,systolic 
and diastolic blood pressures, mean arterial pressures, partial pressure of 
carbon dioxide in the blood consistent statistical differences were not observed 
between the two intervention groups.  The concentration of potassium and 
calcium ion were found normally maintained among both the intervention 
groups indicative of insignificant difference with usage of both fluids with 
regards to potassium and calcium homeostasis. Literature findings with regard 
to hemodynamic parameters and calcium and potassium concentration is found 
to be similar to the results of our study. 
Patients in the group with normal saline resuscitation were found to 
have increased number of blood sampling and analysis, intensitivist 
intervention on account of delayed normalisation of base deficit and electrolyte 
levels compared to Plasma-Lyte A group. This accounted for an increased 
resource utilisation in this group as accounted by Shaw, Andrew D. MB 
et.al;2012(59) in their research works. 
COMPLICATIONS:  There were no complications in both groups. 
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10.  SUMMARY 
The results of the above study in which 60 patients who were 
undergoing emergency laparotomy surgery for acute gastrointestinal 
perforations were randomly allocated into two groups and resuscitated with 
normal saline and Plasma-Lyte A can be summarised as follows: 
1. It is observed that base deficit values were normalised more rapidly 
after resuscitation with Plasma-Lyte A compared with normal saline  
2. It is observed that during rapid and large volume resuscitation, Plasma-
Lyte A has a better pH maintenance compared to normal saline. 
3. It is observed that resuscitation with Plasma-Lyte A is associated with 
better bicarbonate level maintenance compared to normal saline 
resuscitation. 
4. It is observed that normal saline resuscitation is associated with 
significantly higher concentration of blood sodium and chloride levels 
compared to Plasma-Lyte A. 
5. It is observed that urine output was better maintained with Plasma-
Lyte A resuscitation compared to normal saline indicative of  better 
renal perfusion with chloride restrictive fluids. 
6. Hemodynamic parameter variability with regard to heart rate ,mean 
arterial pressure was found to be insignificant between two groups. 
7. No variation was found with regards to serum potassium, calcium 
levels and PCO2 levels. Increased resource utilisation is observed 
with normal saline resuscitation compared to Plasma-Lyte A 
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11. CONCLUSION 
 
“This study has revealed a better outcome in fluid resuscitation with 
Plasma-Lyte A in comparison to normal saline in terms of 
normalization of base deficit, maintenance of serum electrolytes and 
adequacy of urine output in patients undergoing emergency 
laparotomy following acute gastrointestinal perforation”. 
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PROFORMA 
DATE:                             IP NO:                   TIME OF ADMISSION: 
NAME:  
AGE:                          SEX:                       
DIAGNOSIS: 
SURGICAL PROCEDURE: 
Ht:                                           CVS:                                 HB: 
Wt:                                          RS: 
VITALS: 
INFORMED CONSENT IN TAMIL: 
RANDOMIZATION: 
IV line:  
Resuscitation with allotted fluid by randomisation 
 PRE OP ASSESSMENT:                                                    
HISTORY:  
   Any Co-morbid illness 
   H/O previous surgeries 
MONITORS: 
PR:                                                 pH:                               Na+: 
BP:                                                 BE:                               K+: 
SPO2:                                                                                  Cl-: 
U/O:                                                                                    HCO3
-: 
RR:                                                                                      Ca2+: 
PREMEDICATION AND RSI: 
INTRA-OP:                                 Complications: 
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INFORMATION TO PARTICIPANTS 
Investigator                    :  
Name of the Participant:  
Title : “Fluid resuscitation- Plasmalyte A vs 0.9% Normal saline for Laparot
omy in Acute Gastrointestinal Perforation- A Randomised Double 
Blinded  Controlled Study” 
 
You are invited to take part in this research study. We have got approval 
from the IEC. You are asked to participate because you satisfy the eligibility 
criteria. We want to compare and study the safety and efficacy of Plasmalyte A 
and 0.9% Normal saline in initial resuscitation of patients with acute 
gastrointestinal perforation undergoing emergency surgery. 
What is the Purpose of the Research: 
For patients with acute gastrointestinal perforation presenting for emerge
ncy surgery initial resuscitation is done with either Plasmalyte A or 0.9% Norm
al saline 
 
 To analyse changes in base excess over the first 24 hours, hourly in the f
irst 6 hours and then in 6 hourly increments 
 To evaluate 24 hour arterial ph in 6 hourly increments 
 To monitor 24 hour urine output hourly for the first 6 hours and then i
n 6 hourly increments 
 To assess serum electrolytes 
 To follow up with hemodynamic monitoring 
 To compare resource utilisation 
 The Study Design: 
All the patients in the study will be divided into two groups. 
 
 
Group1- Group N- 0.9% Normal saline is used as fluid of choice for resuscitati
on  
 
Group 2- Group P-Plasmalyte is used as fluid of choice for resuscitation 
 
Benefits 
Adequate and timely resuscitation helps prevents hypotension and its a
ssociated complications. Resuscitation with balanced salt solution has been fo
und associated with less incidence of acidosis and electrolyte imbalances  
 
Discomforts and risks: 
 Hyperchloremic Metabolic acidosis 
 Hypernatremia     
 Hyperosmolality 
 Acute kidney injury 
 Allergic reactions                   
This intervention has been shown to be well tolerated as shown by pre
vious studies. And if you do not want to participate you will have alternative, o
f setting the standard treatment as your safety is our prime concern. 
Time : 
Date : 
Place : 
Signature / Thumb Impression of Patient 
Patient Name: 
Signature of the Investigator : ____________________________ 
Name of the Investigator  : ____________________________ 
 
 
 
PATIENT CONSENT FORM 
Study title : “Fluid resuscitation- Plasmalyte A vs 0.9% Normal saline for L
aparotomy in Acute Gastrointestinal Perforation- A Randomi
sed Double Blinded  Controlled Study” 
 
Study centre:  INSTITUTE OF ANAESTHESIOLOGY AND CRITICAL CARE, MADR
AS MEDICAL COLLEGE, 
CHENNAI. 
   
Participant name:                        I.P. No:                          Age:            Sex:              
I confirm that I have understood the purpose of procedure for the abov
e study . I have the opportunity to ask the question and all my questions and d
oubts have been answered to my satisfaction. 
                      
I have been explained about the pitfall in the procedure.  I have been e
xplained about the safety, advantage and disadvantage of the technique. 
 
I understand that my participation in the study is voluntary and that I a
m free to withdraw at anytime without giving any reason. 
 
I understand that investigator, regulatory authorities and the ethical co
mmittee will not need my permission to look at my health records both in res
pect to current study and any further research that may be conducted in relati
on to it, even if I withdraw from the study . I understand that my identity will n
ot be revealed in any information released to third parties or published, unless
 as required under the law . I agree not to restrict the use of any data or result
s that arise from the study. 
 
Time:          
 
Date:                                                  Sign / thumb impression 
                                        of patient 
 
Place:                                                                    Patient name: 
 
 
Signature of the investigator: ----------------------------------------------- 
 
 Name of the investigator:  ------------------------------------------------ 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
